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(57) Claim 

1. A substantially purified tuaior necrosis factor (TNF) 
inhibitor which is active against TNF. 

12. A recombinant-DNA atethod for the production of a TNF 
inhibitor comprising: 

(a) preparation of a DMA sequence capable of 
directing a host cell to produce a protein having TNF 
inhibitor activities; 

(b) cloning the DNA sequence into a vector capable 
of being transferred into and replicated in a whole cell, 
such vector containing operational elements needed to 
express the DMA sequence; 

(c) transferring the vector containing the 
synthetic DNA sequence and operational elements into a 
host capable of expressing the DNA encoding the TNF 
inhibitor; 

(4) culturing the host cells under conditions 
appropriate for amplification of the vector and 
expression of the inhibitor; 
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(•) harvesting tha inhibitor; and 

(f) permitting tha inhibitor to aaauaa an aotiva 
tertiary structure vh« re by it posaaaaaa TNF inhibitory 
activity. 
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R MECROSIS FACTOR fTMFl IKHIBT.TOR AMP 
METHOD FOR OBTATHTMC THE SAME 



Cron-R« fart net to filiated Application 

This is a continuation-in-part of co-pending 
application Sarial No. 07/479,661 filed February 7, 
1990, which is in turn a continuation-in-part of 
applications Sarial Noa. 07/381,080 filad July 18, 1989, 
and 07/450,329 filed Decenbar 11, 1989 for "Tumor 
Nacrosis Factor (TNF) Inhibitor and Mathod for Obtaining 
tha Same." 

BACKGROUND OF THE IMVEMTTOM 

Tumor nacrosis factors ara a class of protains 
producad by numerous cell -types, including monocytes and 
macrophages. At least two TNFe have been previously 
described, specifically TNF alpha and TNF beta 
(lymphotoxin) . 

These Known TNFs have iaportant physiological 
effects on a number of different target cells involved 
in the inflammatory response. The proteins cause both 
fibroblasts and synovial cells to secrete latent 
collagenase and prostaglandin E2, and cause osteoblastic 
cells to carry out bone resorption. These proteins 
Increase tha surface adhesive properties of endothelial 
cells for neutrophils. They also cause endothelial 
cells to secrete coagulant activity and reduce their 
ability to lysa clots. In addition they redirect the 
activity of adipocytes away from the storage of lipids 
by inhibiting expression of the ensyme lipoprotein 
lipase. THFs cause hepatocytes to synthesise a class of 
proteins know as "acute phase reactanta" and they act on 
the hypothalamus as pyrogens. Through these activities, 
it has been seen that TNFs play an important part in an 
organism's response to stress, to infection, and to 
injury, fin, AaOjl* articles by P.J. Selby et ml . in 
Lancet, Feb. 27, 1980, pg. 483; H.P. 8 tames, Jr. et al . 
in J. Clin, tnvtit. 82: 1321 (1988); A. Oliff ejL_al. in 
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COPY 

C«li / ^o:SS5 (1987); and A. Waage in La neat, Fab. 

14, 1987, pg. 355. 

however, despite thair normally banaficial effect*, 
circumstances hava com to light in which tha actions of 
TNPa ara harmful* For axample, TNP alpha in j act ad into 
animals gives risa to tha symptoms of saptic shock; 
andoganous TNP lavals hava baen obsarvad to incraasa 
following injaction of bactaria or bactarial call walls. 
TNPa also causa bowal nacrosis and acuta lung injury, 
and thay atimulata tha catabolism of muscla p rota in. in 
addition, tha ability of TNPa to incraasa tha laval of 
collaganaaa in an arthritic joint and to dlract tha 
chamotaxia and migration of laukocytas and lymphocytes 
may alao ba responsible for tha degradation of cartilage 
and the proliferation of the synovial tissue in this 
disease. Therefore, TNFs may serve as mediators of both 
the acute and chronic stages of immunopathology in 
rheumatoid arthritis. TNFs may also be responsible for 
some disorders of blood clotting through altering 
endothelial cell function. Moreover, excessive TNP 
production has been demonstrated in patients with AIDS 
and nay be responsible for some of th« f.ver, acuta 
phase response and cachexia seen with this disease and 
with leukemias. 

In these and other circumstances in which TNP has a 
harmful effect, there is clearly a clinical use for an 
inhibitor of TNP action. Sy statically administered, TNP 
inhibitors would be useful therapeutics against septic 
shock and cachexia. Locally applied, such TNP 
inhibitors would serve to prevent tissue destruction in 
an inflamed joint and other sites of inflammation. 
Indeed, such TNP inhibitors could be even more effective 
when administered in conjunction with lnterleukln-I (XL- 
1) inhibitors). 

One possibility for therapeutic Intervention 
•gainst the action of TNP is at the level of the target 
eoll'a response to the protein. TNP appears to act on 
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cells through a claseical receptor-mediated pathway. 
Thue, any molecule which interferee with the ability of 
THF to bind to ita racaptora aithar by blocking tha 
receptor or by blocking tha THF would ragulata THF 
action. Tor these reaeone, protaina and small molecules 
capable of inhibiting THF in thia manner hava baan 
sought by tha present invantora. 

SUMMARY OF T HE INVEHTIOH 

As notad above, this inyantion ralatas to THF 
Inhibitors generally, and, more spacif ically, to a 
urina-darivad THF inhibitor. Additionally, tha praaant 
invention ralatas to biologically-activa analogs of this 
Inhibitor. 

An object of the present invention is to provide 
purified forms of THF inhibitor which are active against 
THF alpha. An additional object of the present 
invention is to provide these inhibitors in purified 
forms to enable the determination of their amino acid 
sequence. A further object is to provide the amino acid 
sequences of certain THF inhibitors. In addition it is 
an object of this invention to provide a cellular source 
of the mRHA coding for THF inhibitors and a cDHA library 
containing a cDHA for the inhibitors. Furthermore, it 
is an object of thia invention to provide a genomic 
clone of OHA coding for tha THF inhibitors, and tha 
coding sequences of that DMA. 

Tha identification of biologically-active analogs 
of such THF inhibitors with enhanced or equivalent 
properties is also one of tha objects of the invention. 

Additionally, it is an object of this invention to 
provide a recombinant-DHA system for the production of 
the TNT inhibitor described herein. A further object of 
the present invention includes providing purified forms 
of TNT inhibitor which would be valuable as 
pharmaceutical preparations exhibiting activity against 
TNT. Another object of the present invention includes 
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providing purified combinations of TNP inhibitors and 
XL-1 Inhibitors which are valuable as pharmaceutical 
preparations exhibiting activity against both IVl and 
TMF. 

The invantors of tha prasant invantion have 
lsolatad at laast two TMF inhibitor proteins with TMF- 
inhiblting propartias. A 30kDa protain and a 40kDa 
protain hava been obtainad in thair purifiad forms. Tha 
amino acid sequence of tha 30kDa TMF inhibitor protain 
has baan obtainad* Tha aaino a«cid saquanca data of tha 
40kDa TMF inhibitor protain. has also baan obtainad. 
Both tha 30k0a TMF inhibitor and tha 40k0a TMF inhibitor 
ara noval, praviously undascribad protains. 

A human genomic DNA clona which contains tha gana 
for tha 30kDa protain has baan obtainad. A call source 
of this protain has baan identified and a cDMA clona has 
baan obtainad and tha nucleic acid saquanca of tha gana 
for tha protain determined. In addition, tha gene clone 
has been placed in a vector which has been found to 
express the protein in host cells. Also a process has 
been developed for purifying the protein in an active 
form. 

A cell source has been identified which produces 
the 40kOa protain and a cDMA clona has bean obtained and 
the nucleic acid sequence determined of tha gene for tha 
40kOa protain. Tha full cDNA clones encoding for both 
tha 30kDa TMF inhibitor precursor and tha 40k0a TMF 
inhibitor precursor hava baan expressed in aaaaalian 
cells to yield an increase in TMF binding sites on tha 
call surface. 

A gana coding for tha mature fora of tha 30k0a 
protain has baan expressed in cell. Three separata 
genes coding for all or portions of tha mature 40k0a 
protain hava also baan axprassad in li CqU« Tha three 
40k0a inhibitor protains axprassad— aature 40k0a TMF 
inhibitor, 40k0a TMF inhibitor £31 and 40k0a TMF 
inhibitor ^53— each exhibit TMF Inhibiting activity. 



Mature 40kDa TNF inhibitor, as isolated from medium 
conditionsd by human U937 cells, and 40k0a TNF inhibitor 
51 and 40k0a TMF inhibitor 53, ars collectively 
referred to as 40k0a TNF inhibitor. 

Ths 30kDa TNF inhibitor has shown activity in 
inhibiting TNF alpha. Ths 40kDa TNF inhibitor has shown 
inhibitory action against both TNF alpha and TNF bsta. 

It will now b« possible to perform ths largs seals 
production of these TNF inhibitors through recombinant 
ONA technology. These inhibitors should be suitable for 
use in pharmaceutical formulations useful in treating 
pathophysiological conditions Mediated by TNF. 

BRIEF DESC RIPTION OF THE DRAWINGS 

Figure 1 describes a cytotoxicity assay for TNF in 
the absence (-.-.) and in the presence (-x-x-) of TNF 
inhibitor (30kDa) . Various concentrations of TNF were 
incubated with and without TNF inhibitor (30kDa) , and the 
cytotoxicity assay was performed as described in Example 1. 

Figure 2 describes a native gel shift assay in 
which "a" dspicts TNF alone, and "b" depicts TNF + TNF 
inhibitor OOkDa). 

Figure 3 describes Con A-Peroxidase staining of TNF 

inhibitor OOkDa). About 200 ng of each protein were run on 
14% SOS -PAGE, and transferred to nitrocellulose filter. 
Glycoproteins were identified using Con A-peroxidase 
staining. Zn this figure, "a" depicts a aolecular 
wsight marker, "b" depicts Ovalbumin, N c n dspicts bovine 
serum albumin, and "d" dspicts TNF inhibitor (30kDa). 

Figure 4 describes chemical deg lycos ly 1st ion of TNF 
inhibitor (30kDa) . About 200 ng of TNF inhibitor OOkDa) 
were chemically deglycosylated (lane C) as described in 
Example 1. 

Figurs 5 describes N-glycanass treatment of TNF 

inhibitor OOkDa). Purified TNF inhibitor OOkDa) was 
iodinatsd by Bol ton-Hunter reagent, and denatured- 
iodinated TNF inhibitor OOkDa) was treated with N-glycanase 



for 6 hours at 37C. In this figure, "a" depicts native 
TNK inhibitor (30kD«i), and "b" depicts dcglycosylated 
TNF inhibitor (30kDa) . 

Figure 6A describes an 00]* profile of the DEAC 
Sepharose CL-6B chromatography of 20 1 urine. 

Figure 60 describes an autoradiograph of the 
corresponding native gel shift assay indicating a peak of TNF 
inhibitor (30kDa) at fraction 57-63, which is about 80mM NaCl . 

Figure 7 describes an ODno profile of the 0.05 H Na 
Phosphate pH 2.5 elution from the TNF affinity colunn. 

Figure 8A and 8C describe chromatographic profiles (OD215 
and ODao) of the RP8 purification of the TNF inhibitor 

(30kDa) with the L929 bioasoy of fractions from the RP8 
column showing a peak of TNF inhibitor (30kDa) at fractions 
28-31 which is about 18% acetonitrile and at fractions 35 and 
36 which is about 21% acetonitrile. 

Figure 8b describes a silver stained 15% SDS-PAGE 
of the RP8 pool showing a single band at 30kDa. 

Figure 9a describes a peptide purification of Lys-C 
digestion of TNF inhibitor 

Figure 9B describes a peptide purification of 
alkylated (*) Lys-C digests of TNF inhibitor (30kDa) . 

Figure 10 describes a peptide purification of two 
alkylated (*) Asp-N digests of TNF inhibitor (30kDa). 

Figure JlA and 1 1 It describe peptide purifications of 
an endopeptidase V8 digest of reduced carboxymethylatcd 
TNF inhibitor (30kDa). 

Figure 12 describes aaino acid sequences present in 

TNF Inhibitor (30kOa). Blanks in the sequence indicate the 
residue has not been unambiguously identified by protein 
sequencing. C* indicates the identification of 
carboxymethyicysteine by the presence of *H 
in the residue. 

Figure 13 describes the ONA sequence of a genomic 
clone encoding at least a portion of a TNF inhibitor (30kDa) . 

Figure 14 describes at least 70% of the mature 
amino acid sequence of a preferred TNF inhibitor. 

Figure 15 describes detection of TNF inhibitor in 
0937 supernatant by the gel shift assay. 



Figure 16 describes detection of TNP inhibitor in 
hplc fractions from U937 supernatant. 

Figure 17 describes the Northern blot according to. 
Example 4. 

Figure 18 describes the deglycosylated TNF 
inhibitor (30k0a) binding to TNF. Glycosylated and 
deglycosylated TNF inhibitor were incubated with TNF 
afflgel, and flow through aaterials and eluates of the 
gel were analysed on SDS-PACE. In this figure , (11) 
indicates flow through of TNF-INH, reduced and oxidized , 
(21) indicates flow through of deglycosylated TNF-INH, 
reduced and oxidized, (51) indicates flow through of 

native TNF-INH, (12) indicates eluate of TNF-INH, _ 

reduced and oxidized, (22) indicates eluate of 
deglycoslylated TNF-INH, reduced and oxidized, and (52) 
indicates eluate of native TNF-INH. 

Figure 19 describes the conplete anino acid 
sequence of the 3 Ok Da TNF inhibitor. 

Figure 20 describes the cDNA sequence encoding the 
aaino acid sequence shown in Figure 19. 

Figure 21 describes the entire cONA sequence for 
the precursor of the 30KOa TNF inhibitor. 

Figure 22 describes the ONA sequence near the start 
of the TNF inhibitor (30kDa) gene in plasmid pTNFIX-1. 

Figure 23 describes the plasaid pdCVXV beta TNFBP 
stop A. 

Figure 24 describes the plasald pSVXVTNFBP stop A. 

Figure 25 describes a chromatographic profile OD*ts 
of the HPS column of the 30kDa TNP inhibitor from E. 
Coll. The L929 bioassay results are also shown (-x-x) . 

Figure 26 describes a silver stained 14% SOS-PACE 
of the HPS Fractions in Figure 25 • 

Figure 27 descries a chroma tographic profile: 00** 
of the HPS purification of the TNF inhibitors froa U937 
cells. The L929 blassey results are also shown with a 
bar graph. Two distinctive TNF inhibitor peaks are 
seen. 
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Figure 28 describes a silver stained 14% SDS-PACE 
of the RP8 fractions. Fraction number 30 contains the 
3 Ok Da TMF inhibitor and fraction number 35 contains the 

40k0a TMF inhibitor. 

Figure 29 describes a chromatographic profile ODj,, 
of the purification of urinary 40kDa TMF inhibitor. The 
second TNF inhibitory peak from several RP8 
chromatographies were combined and reanalyzed on an RP8 
column. TMF- inhibitory activity is shown with a bar 
graph. The difference between the OD^s peak and the 
activity peak reflects the dead volume between the 
detector and the fraction collector. 

Figure 30 describes a silver stained 14% SDS-PACE 
of the RP8 fractions of urine. Fraction number 32 
contains the 40kDa TMF inhibitor. 

Figure 31 describes the amino terminal sequences of 
U937 derived inhibitors (30kDa and <0kDa), and urine- 
derived 40kDa TNF inhibitor. 

Figure 32 describes a peptide purification of 
endopeptidase V8 digested 40kDa TNF inhibitor. 

Figure 33 describes a peptide purification 
endopeptidase Arg-C digested 40kDa TMF inhibitor. 

Figure 34 describes a peptide purification of 
trypsin digested Arg-C16 peptide. 

Figure 35 describes a peptide purification of 
chymotrypsin digested Arg-CIO peptide. 

Figure 36 describes a primary structure of the 
40kDa TNF Inhibitor. 

Figure 37 describes a portion of the 40kDa TNF 
inhibitor cDNA sequence along with the predicted amino 
acid translation product. 

Figure 38 describes the complete amino acid 
sequence of the 40kDa TNF inhibitor. 

Figure 39 describes the entire eOHA sequence for 
the precursor of the 40kOa TNF inhibitor, along with its 
deduced translation product. 

Figure 40 describes a cytotoxicity assay for TNF 
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b«ta (lyaphotoxin) in the presense (o-o) of 40kDa TNF 
inhibitor, in the presense (•-•) of 30kDa TNF inhibitor 
and without any inhibitor (x-x) 

Figure 41 describes the expression of the 30kDa TNF 
inhibitor cDNA sequence shown in Figure 21 in C0S7 
cells* COS cells vere transfected with plasmids using 
the lipofectin procedure of Feigner et al . (Proc. Natl. 
Acad. Scie (USA) 84, 7413-1987). 3.4 X 10 5 cells were 
incubated with the indicated amounts of [ in Z] TNFa at a 
specific activity of 5.6 x 10* cpm/ng and the amount 
bound to the cells determined. Open symbols are the 
total cpm associated with cells after a 4 hour 
incubation at 4*C. Closed symbols represent bound 
TNFa in the presense of 180 fold excess of cold 
unlabeled TNFa. 

Figure 42 describes the expression of the 4 Ok Da TNF 
Inhibitor cDNA sequence shown in Figure 39 in C0S7. 
Assay conditions were as described in Figure 41. The 
darkened symbols represent the bound ( 125 I) TNFa in the 
presense of 180 fold excess of cold unlabeled TNFa. 

Figure 43 describes the cytotoxicity assay of an 
HPLC RPC-8 fraction of the human monocytes which were 
treated with PMA and PHA for 24 hours. 

Figure 44 describes the RPC-8 chrc tatographic 
pattern of 40k0a TNF inhibitor 451 , SDS-polyacrylamide 
gel analysis of the fractions (B) , and the cytotoxicity 
assay on L929 cells (C) • 

Figure 45 describes the RPC-8 chromatographic 
pattern of 40k0a TNF inhibitor A53 (A) , SDS- 
polyacrylamide gel analysis of the fractions (B) t and 
the cytotoxicity assay on L929 cells (C). 



DMCTTPTTQH OF THE PREFERRED EWDTMEMTg 

Reference will now be made in detail to the 
presently preferred embodiments of the invention, which, 
together with the following examples, serve to explain 
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the principals of the invention 



1. Inhibitor Isolated from urlria. 

As noted above, the present invention relates to 
TNF inhibitors which have been isolated in a purified 
fora. in one embodiment of this invention, the TNF 
inhibitors are preferably derived from urine. In 
addition, the invention encompasses substantially 
purified TNF inhibitors of any origin which are 
biologically equivalent to the inhibitor isolated from 
urine. Throughout this specification, any reference to 
a TNF inhibitor or simply an inhibitor should be 
construed to refer to each of the inhibitors identified 
and described herein. 

By "biologically equivalent** as used throughout the 
specification and claims, we mean compositions of the 
present invention which are capable of preventing TNF 
action in a similar fashion, but not necessarily to the 
same degree as the native TNF inhibitor isolated from 
urine. By "substantially « omologous" as used throughout 
the ensuing specification and claims, is meant a degree 
of homology to the native TNF inhibitor isolated from 
urine in excess of that displayed by any previously 
reported TNF inhibitor. Preferably, the degree of 
homology is in excess of 70%, most preferably in excess 
of 80%, and even more preferably in excess of 90%, 95% 
or 99%. A particularly preferred group of TNF 
inhibitors are in excess of 95% homologous with the 
native inhibitor. The percentage of homology as 
described herein is calculated as the percentage of 
amino acid residues found in the smaller of the two 
sequences which align with identical amino acid residues 
in the sequence being compared when four gaps in a 
length of 100 amino acids say be introduced to assist In 
that alignment as set forth by Dayhoff, in Atl«« of 
Prof in Sequence and Stmetur. vol. 5, p. 124 (1972), 
National Biochemical Research Foundation, Washington, 
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D.C., specifically incorporated herein by reference. 
Also included as substantially homologous are those THF 
inhibitors which may be isolated by virtue of cross- 
reactivity with antibodies to the described inhibitor or 
whose genes aay be isolated through hybridization with 
the gene or with segments of the described inhibitor. 

The preferred TMP inhibitors of the present 
invention have been derived from urine and, for the 
first time, have been isolated in a purified form. For 
the purposes of the present application, "pure form- or 
"purified form," when used to refer to the THF 
inhibitors disclosed. here in, shall mean a preparation 
which is substantially free of other proteins which are 
not TKF is-ihlbitor pre tains. Preferably, the TNF 
inhibitors of the present invention are at least 50% 
percent pure, preferably 73% pure and more preferably 
80%, 95% or 99% pure. In one embodiment of the present 
invention, the THF inhibitor protein preparation is 
sufficiently pure to '.able one cf ordinary skill in the 
art to determine its amino acid sequence without first 
performing further purification steps. 

At least two THF inhibitors have been isolated by 
the methods set forth in the examples. The two 
inhibitors are approximately 30kDa and approximately 
40kOa molecules on SDS-PAGE. The 30k0a inhibitor 
eluates froa a DEAE CL6B column at about 80 millimolar 
Had in Tris buffer, pH 7.3. The amino acid sequence of 
the 30kOa inhibitor is set forth in Figure 19, and the 
amino acid sequence of the 40k0a inhibitor is set forth 
in Figure 38. The 30kOa THF inhibitor nam been shown to 
inhibit the activity of THF alpha, and has little effect 
on the activity of THF bete. The 40k0a THF inhibitor 
has been shown to exhibit a significant inhibiting 
effect against both THF alpha and THF beta 
(lymphotoxln) . 

2. TiMhitor isni.fe^i trrm if«i7 condition medium 
1 7 -11- 
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In an alternate embodiment of the preaent 
invention, TNP inhibitors are isolated from a medium 
conditioned by human U937 cells. Two TUP inhibitor 
proteins have fceen identified and isolated from this 
conditioned medium. The two TNF inhibitors are 30k0a 
and 40k0a proteins that are substantially hoaologous to 
the 30kDa and 40k0a TNP inhibitors isolated from urine, 
and are biologically equivalent to such proteins. 

3. structure of iQkPa TNF Inhibitor 
The 30kDa TNF inhibitor isolated from urine is a 
glycoprotein, containing at least one carbohydrate 
aoiety. Zn one eabodiaent of this invention, the 
natural 30kOa TNF inhibitor is deglycosylated Th* 
deglycosylated TNP inhibitor, which retains its ability 
to bind to TNP, is within the scope of the present 
invention. Fully and partially deglycosylated 30kDa TNP 
inhibitor is encoapassed by this invention. The 
deglycosylated SOkDa TNF inhibitor isolated froa urine 
is about an 18k0a protein. 

The gene sequence identified that encodes the 3 Ok Da 
protein does not contain a termination codon as would be 
anticipated for the aaino acid sequence of the 18kDa 
protein. The inventors theorize, but are in no way to 
be liaited by this theory, that the proteins produced in 
vivo contain additional aaino acid sequences. According 
to this theory, the protein encoded is a TNF receptor 
aolecule. The inhibitor protein encoded by the cDNA has 
a hydrophobic sequence that would be compatible with the 
cell aembrane spanning region and a TUP binding portion 
that would extend extracellular ly froa the cell 
membrane. Zn accord with this hypothesis and as 
described in Example 19, the cDNA has been expressed in 
006 cells and leads to an increase in the number of TNP 
binding sites on the call. The TNT inhibitors of the 
present invention, therefore, are the receptor fragments 
or portions of the receptor molecule. Such binding 
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fragment* have been identified with respect to other 
binding/inhibitory molecules (e.g. , iw inhibitor) , and 
are referred to as soluble receptors. 

This theory is consistent vith the lack of a 
termination codon in the nucleotide sequence that would 
correspond to the terminus of the protein ao anticipated 
by the known sequence of the Isolated TNF inhibitor 
factor. It is also consistent with the fact that the 
nucleotide sequence beyond where the termination codon 
should be found, encodes a series of hydrophobic amino 
acids. 

The present invention, therefore, encompasses not 
just the portion of the TMP inhibitors identified and 
described, but all proteins - containing any portion of 
the amino acid sequence encoded by the cDNA sequences 
Identified and described her- in. 

«• Structure of 40kn» tw ? inhibitor . 
The 40k0a TNF inhibitor isolated from medium 
conditioned by human 0337 cells and identified in urine 
is a glycoprotein, containing at least one carbohydrate 
moiety. In one embodiment of this invention, the 
natural 40kDa TNF inhibitor is deglycosylated. The 
deglycosylated 40k0a TNF inhibitor, which retains its 
ability to bind to both TNF alpha and TNF beta 
(lymphotoxin) is within the scope of the present 
invention. Fully and partially deglycosylated 40kDa TNF 
inhibitor is encompassed by this invention. The 
inventors theorize that the 40k0a TNF inhibitor may also 
be a soluble receptor. The gene sequence identified 
that encodes the 40k0a protein does not contain a 
termination codon as would be anticipated for the amino 
•old sequence of the deglycosylated 40k0a TNF Inhibitor. 
As described in Example 20, the cONA has been expressed 
in 008 cells and leads to an Increase in the number of 
TNF binding sites on the cell. 

The present invention encompasses the gens encoding 
1 9 -13- 
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the mature 40kOa p rota in isolated fron medium 
conditioned by human U937 calls and identified in urine, 
and largar and smaller portions of such gene to the 
extent that the TNF inhibiting activity of the encoded 
5 protein is not effected. As can be seen by reforence to 

Figure 38, the nature 40kDa TNF inhibitor has a proline 
rich area near the anticipated c-terminus of the 
protein. 40kDa TNF inhibitors in which all or portions 
of the proline rich regime are not included in the 
10 protein are active as TNF inhibitors, and are within the 

scope of the present invention. Two such shortened 
proteins are described in Examples 17 and 22 below, and 
are referred to as 40kDa TNF inhibitor A 51 and 40k0a 
TNF inhibitor A 53. All portions of this application 
*S"' which refer generally to 4 Ok Da TNF inhibitor shall 

encompass the mature 40k0a protein isolated from medium 
conditioned by human U937 cells and identified in urine, 
as well as 40kDa TNF inhibitor A 51 and 40kDa TNF 
".' inhibitor A 53. 

20 ' It is generally believed that at least one TNF 

receptor is capable of binding both TNF alpha and TNF 
beta, while some TNF receptors are capable of only 
binding TNF alpha. This is consistent with the findings 
in the present invention wherein two TNF inhibitors have 
25 been identified which are both proposed to be active 

fragments of TNF receptor sites, and one is active 
against only TNF alpha and the other is active against 
both TNF alpha and TNF beta. 

5. RtcoBbinant inhibitor' 

3d (a) fiejucaJL 

A recombinant DNA method for the manufacture of a 
TNF inhibitor is now disclosed. In one embodiment of 
the invention, the active site functions in a manner 
biologically equivalent to that of the TNF Inhibitor 
35 isolated from urine. A natural or synthetic DNA 

sequence may bo used to direct production of such TNF 
inhibitors. This method comprises: 

-14- 
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(a) preparation of a DNA sequence capable of 
directing a host call to produce a protein having TNP. 
inhibitor activities or a precursor thereof;. 

(b) cloning the DNA sequence ir.-o a vector 
capable of being transferred into and replicated in a 
host cell, such vector containing operational elements 
needed to express the DNA sequence or a precursor 
thereof; 

(c) transferring the vector containing the 
synthetic DNA sequence and operational elenents into a 
host cell capable of expressing the DNA encoding TNF 
inhibitor or a precursor thereof; 

(d) culturing the host cells under the 
conditions for- amplification of the vector and 
expression of the inhibitor or a precursor thereof; 

(e) harvesting the inhibitor or a precursor 
thereof; and 

(f) permitting the inhibitor to assume an 
active tertiary structure whereby it possesses or can be 
processed into a protein having TNF inhibitory activity. 

In one embodiment of the present invention, the TNF 
inhibitor is produced by the host cell in the form of a 
precursor protein. This precursor protein is processed 
to a protein in one or sore steps and allowed to fold 
correctly to an active TNF Inhibitor using methods 
generally known to those of ordinary skill in the art. 

(b) DMA t*mi>nr^ 

DMA sequences contemplated for use in this method 
are discussed in part in Examples 6, ha, and 17. it is 
contemplated that these sequences Include synthetic and 
natural DMA sequences and combinations thereof. The 
natural sequences further Include cOMA or genomic DNA 
segments. 

The means for synthetic creation of polynucleotide 
sequences encoding a protein identical to that encoded 
by the cDNA or genomic polynucleotide sequences are 
generally known to one of ordinary skill in the art, 

21 

91073847 



particularly in light of the teachings contained herein. 
As an example of the current state of the art relating 
to polynucleotide synthesis, one is directed to 
Matteucci, M.D. , and Caruthers, M.H., in J. Am. Chem. 
Soc. Ifll:3l85 (1981) and Beaucage, S.L. and Caruthers, 
M.H. in Tetrahedron Lett. 22:1859 (1981), and to the 
instructions supplied with an ABI oligonucleotide 
synthesizer, each of which is specifically incorporated 
herein by reference. 

These synthetic sequences may be identical to the 
natural sequences described in sore detail below or they 
say contain different nucleotides. In one embodiment, 
if the synthetic sequences contain nucleotides different 
from those found in the natural DMA sequences of this- 
invention, it is contemplated that these different 
sequences will still encode a polypeptide which has the 
same primary structure as THF inhibitor isolated from 
urine. In an alternate embodiment, the synthetic 
sequence containing different nucleotides will encode a 
polypeptide which has the same biological activity as 
the THF inhibitor described herein. 

Additionally, the DMA sequence may be a fragment of 
a natural sequence, i.e., a fragment of a polynucleotide 
which occurred in nature and which has been isolated and 
purified for the first time by the present inventors. In 
one embodiment, the DMA sequence is a restriction 
fragment isolated from a cDMA library. 

In an alternative embodiment, the DMA sequence is 
isolated from a human genomic library. An example of 
such a library useful in this embodiment im set forth by 
Wyman, at al . , (1985) Proc. Mat. Acad. Sci. USA, 82, 
2880-2884. 

In a preferred version of this embodiment, it is 
contemplated that the natural DMA sequence will be 
obtained by a metrod comprising i 

(a) Preparation of a human cDMA library from 
cells, preferably U»37 cells capable of generating a TMF 
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inhibitor, in a vector and a call enable of amplifying 
and expressing all or part of that CDMA; 

(b) Probing the human DHA library with at least 
one probe capable of binding to the TNF inhibitor gene 
or its protein product; 

(c) Identifying at least one clone containing the 
gene coding for the inhibitor by virtue of the ability 
of the clone to bind at least one probe for the gene or 
its protein product; 

(d) Isolation of the gene or portion of the gene 
coding for the inhibitor from the clone or clones 
chosen; and 

(e) Linking the gene, or suitable fragments 
thereof, to operational elements necessary to Maintain 
and express the gene in a host cell. 

The natural DNA sequences useful in the foregoing 
process say also be identified and isolated through a 
method comprising: 

(a) Preparation of a human genomic library, 
preferably propagated in a recBC,sbc host, preferably 
CES 200; 

(b) Probing the human genomic library with at 
least one probe capable of binding a TNF inhibitor gene 
or its protein product; 

(c) Identification of at least one clone 
containing the gene coding for the inhibitor by virtue 
of the ability of the clone to bind at least one probe 
for the gene or its protein product; 

(d) Isolation of the gene coding for the inhibitor 
from the clone or clones identified; and 

(e) Linking the gene, or suitable fragments 
thereof, to operational eleaents to maintain and express 
the gene in a host cell. 

A third potential method for identifying and 
isolating natural DMA sequences useful in the foregoing 
process includes the following steps: 

(a) Preparation of mRHA fro* cells that produce 
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the TNF inhibitor; 

(b) synthesizing cDNA (single- or double-stranded) 
fron this mRNA; 

(c) Amplifying the TNF inhibitor-specific DMA 
sequences present in this aixture of cDNA 
sequences using the polymerase chain reaction 
(PCR) procedure with primers such as those 
shown in Table 3; 

(d) Identifying the PCR products that contain 
sequences present in the other oligonucleotide 
probes shown in Table 5 using Southern 
blotting analysis; 

(e) Subcloning the DMA fragnents so identified 
into M13 vectors that allow direct sequencing, 
of the ONA sequences; 

(f) Using these sequences to isolate a cDMA clone 
froa a cDNA library; and 

(g) Linking the gene, or suitable, fragments 
thereof, to operational elements necessary to 
aa into in and express the gene in host cells. 

In isolating a DMA sequence suitable for use in the 
above-method, it is preferred to identify the two 
restriction sites located within and closest to the end 
portions of the appropriate gene or sections of the gene 
that encode the native protein or fragments thereof. 
The DMA se gm ent containing the appropriate gene or 
sections of the gene is then removed froa the remainder 
of the genomic material using appropriate restriction 
endonucleases. After excision, the 3' end 5* ends of 
the DMA s equ e n c e and any intron exon junctions are 
reconstructed to provide appropriate DMA sequences 
capable of coding for the N- and C- termini and the body 
of the TmT inhibitor protein and capable of fusing the 
DMA sequence to its operational slomsnf . 

As described in Example 17 below, the DMA sequence 
utilised for the expression of 40kDa TWF inhibitor may 

be modified by the removal of either 153 or 159 base 

24 .„ 



REPRODUCED FROM 
BEST AVAILABLE 
COPY 

pairs from the gene that encodes for the aature 40kDa 
TNF inhibitor isolated froa medium conditioned by human 
U937 calls and idar.tifiad in urino. Tha A3 3 gene was 
praparad to ranova tha prolina regime from tha 
C-terainue of tha full gana, and tha &51 gana was 
praparad to approxiaate tha c-terainus of tha gana 
encoding for 30k0a TNF inhibitor. 

A ONA sequence, isolated according to these aethods 
froa a cDNA library and encoding at least a portion of 
the 90kOa TNF inhibitor described herein, has been 
deposited at_the American Type Culture Collection, 
Rockville, H.D., under Accession No 40643 on 11th August 1989. 

A DNA sequence. Isolated according to these aethods 
froa a human genomic DNA library and encoding at least a 
portion of tha 30kDa TNF inhibitor described herein, has 
been deposited at the American Type Culture Collection, 
Rockville, MD. , under Accession No. 4 0620 on 20th June 1989 . 

A DNA sequence, isolated according to these aethods 
fron a cDNA library and encoding at least a portion of 
the 40kDa TNF inhibitor described herein, has been 
deposited at the American Type Culture Collection, 
Rockville, MD, under Accession No. 68204 on 19th January 1990. 

6. Yts^fiCl 

(b) Microorganisms, especially E. coli 
The vectors conteaplated for use in the present 
invention Include any vectors into which a DNA sequence 
as diccussed above can be inserted, along with any 
preferred or required operational elements, and which 
vector can than be subsequently transferred into a host 
coll and replicated in such coll. Preferred vectors are 
those whoso restriction sites have been well documented 
and which contain tha operational elements preferred or 
required for transcription of the DMA sequence. 
However, certain eabodiments of the prasent Invention 
arm also envisioned which employ currently undiscovered 
vectors which would contain one or mora of tha cDNA 
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sequence* described herein. In particular, it is 
preferred that all of these vectors have some or all of 
the following characteristics: (1) possess a minimal 
number of host-organism sequences; (2) be stably 
maintained and propagated in the desired host; (3) be 
capable of being present in a high copy number in the 
desired host; (4) possess a regulatable promoter 
positioned so as to promote transcription of the gene of 
interest; (5) have at least one marker DMA sequence 
coding for a selectable trait present on a portion of 
the plasmid separate from that where the DNA sequence 
will be inserted; and («) a DNA sequence capable of 
terminating transcription. 

In variously preferred embodiments, these cloning 
vectors containing and capable of expressing the OtfA 
sequences of the present invention contain various 
operational elements. These -operational elements," as 
discussed herein, include at least one promoter, at 
least one Shine-Dalgarno sequence and initiator codon, 
and at least one terminator codon. Preferably, these 
"operational elements" also include at least one 
operator, at least on leader sequence for proteins to be 
exported from intracellular space, at least one gene for 
a regulator protein, and any other DMA sequences 
necessary or preferred for appropriate transcription and 
subsequent tranelation of the vector DMA. 

Certain of these operational elements may be 
present in each of the preferred vectors of the present 
invention. It is contemplated that any additional 
operational elements which may be required may be added 
to these vector using methods known to those of ordinary 
skill in the art, particularly in light of the teachings 
herein. 

In practice, it is possible to construct each of 
these vectors in a way that allows them to be easily 
isolated, assembled and interchanged. This facilitates 
assembly of numerous functional genes from combinations 
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of these elements and the coding region of the DNA 
sequences. Further, many of these alanants will be 
applicable in more than ona host, it is additionally 
contaaplatad that the vectors, in certain preferred 
embodiments, will contain DNA sequences capable of 
functioning as regulators ("operators"), and other DNA 
sequences capable of coding for regulator proteins, 
(i) Regulator* 

These regulators, in one enbodinent, will serve to 
prevent expression of the DNA sequence in the presence 
of certain environmental conditions and, in the presence 
of other environmental conditions, will allow 
transcription and subsequent expression of the protein 
coded for by the DNA sequence, m particular, it is 
preferred that regulatory segments be inserted into the 
vector such that expression of the DNA sequence will not 
occur, or will occur to a greatly reduce 1 extent, in the 
abaence of, for example, isopropylthio-beta-D- 
galactoside. in this situation, the transformed 
microorganisms containing the DNA sequence may be grown 
to a desired density prior to initiation of the 
expreasion of TNr inhibitor, in this embodiment, 
expression of the desired protein is induced by addition 
of a substance to the microbial environment capable of 
causing expression of the DNA sequence after the desired 
density has been achieved, 
(ii) Prtmatmm 

The expression vectors must contain promoters which 
can be used by the host organism for expression of its 
own proteins. While the lactose promoter system is 
commonly used, other microbial promoters have been 
isolated and characterised, enabling one skilled in the 
art to use them for expression of the recombinant TMF 
inhibitor. 

(ill) TranacrlBMon T*r»«» 1tnr 

The transcription terminators contemplated herein 
serve to stabilize the vector. In particular, those 
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sequences as described by Rosenberg,.. M. end Court,. D., 
in Ann. Rev. Genet. 11:319-353 (1979), specifically 
incorporated herein by reference, are contemplated for 
use in the present invention. 

(iv) Mon-Tranalated Sequence 

It is noted that, in the preferred embodiment, it 
say also be desirable to reconstruct the 3' or 5* end of 
the coding region to allow incorporation of 3' or 5* 
non-translated sequences into the gene transcript. 
Included among these non-translated sequences- are those 
which stab' lite the mRNA as they are identified by 
Sense issnor, V. , McKenney, K. , Rosenberg, M and Court, 
D. in J. Mol. Biol. 12$: 39-53 (1984), specifically 
incorporated herein by reference. 

(v) Ribosome Binding Sites 

The Microbial expression of foreign proteins 
requires certain operational elements which include, but 
are not limited to, ribosome binding sites. A ribosome 
binding site is a sequence which a ribosome recognizes 
and binds to in the initiation of protein synthesic as 
set forth in Gold, L. , *£_aJL. , Ann. Rev. Microbio. 
11:557-580; or Marquis, D.M., i£_al. # Gene 12:175-183 
(1986), both of which are specifically incorporated 
herein by reference. A preferred ribosome binding site 
is GAGGCGCAAAAA(ATG) . 

(vi) Leader Sequence and Translations! Coupler 
Additionally, it is preferred that DMA coding for 

an appropriate secretory leader (signal) sequence be 
present at the 5' end of the DMA sequence as set forth 
by Watson, M.S. in Hucleic Acids Res. 12*5145-5163, 
specifically incorporated herein by reference, if the 
protein is to be excreted from the cytoplasm. The DMA 
for the leader sequence must be in a position which 
allows the production of a fusion protein in which the 
leader sequence is immediately adjacent to and 
covalently joined to the inhibitor, i.e., there must be 
no transcription or translation termination signals 
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between the two DMA coding sequences. The presence of 
the leader sequence is desired in part for one or sore 
of the following reasons. First, the presence of the 
leader sequence may facilitate host processing of the 
TNF inhibitor. In particular, the leader sequence say 
direct cleavage of the initial translation product by a 
leader peptidase to remove the leador sequence and leave 
a polypeptide with the amino acid sequence which has 
potential protein activity. Second, the presence of the 
leader sequence may facilitate purification of the THF 
inhibitor, through directing the protein out of the cell 
cytoplasm. In soa« speci«s of heat sicroorganisms, the 
presence of an appropriate leader sequence will allow 
transport of the completed protein into the periplasmic 
space, as in the case of some E. coll . in the case of 
ceratin g, COll, Saccharo«vc«^ and strains of Bacillu* 
and PaivdCTM?nfll, the appropriate leader sequence will 
allow transport of the protein through the cell membrane 
and into the extracellular medium. In this situation, 
the protein may be purified from extracellular protein. 
Thirdly, in the case of some of the proteins prepared by 
the present Invention, the presence of the leader 
sequence may be necessary to locate the completed 
protein in an environment where it may fold to assume 
its active structure, which structure possesses the 
appropriate protein activity. 

In one preferred embodiment of the present 
invention, an additional DMA sequence is located 
immediately preceding the DMA sequence which codes for 
the THF inhibitor. The additional DMA sequence is 
capable of functioning as a translational coupler, i.e., 
it is a DMA sequence that encodes en RKA which serves to 
position ribosomes immediately adjacent to the rlbosome 
binding site of the Inhibitor DMA with which it is 
contiguous. In one embodiment of the present invention, 
the translational coupler may be derived using the DMA 
sequence 
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TAACCACGCGCAAAAAATCAAAAACACACCTATCGCGATCTTCCAGGATCATTAAATG 
and methods currently known to those of ordinary skill in 
the art ralatad to translational couplers. 
(Vii) Translation Terminator 

Tha translation terminators contemplated harain 
serve to stop tha translation of mRNA. Thay may ba 
aithar natural, as dascribad by Kohli, J. # Mol. Can. 
Genet. 152:430-439; or synthesized, as dascribad by 
Pat tars son, R.F. Can a 21:13-27 (1983), both of which 
rafarancas ara spacifically incorporated harain by 
reference. 

(viii) Salactabla Markar 

Additionally, it is preferred that tha cloning 
vactor contain a aalectable marker, such as a drug 
resistance marker or other marker which causes expression 
of a selectable trait by the host microorganism. In one 
embodiment of the present invention, the gene for 
ampicillin reaistance is included in the vector while, in 
other plasmids, tha gene for tetracycline resistance or 
the gene for chloramphenicol resistance is included. 

Such a drug reaistance or other selectable marker is 
intended in part to facilitate in the selection of 
tranaformante. Additionally, the presence of such a 
aalectable marker in the cloning vector may be of use in 
keeping contaminating microorganisms from multiplying in 
the culture medium. In this embodiment, a pure culture 
of the transformed host microorganisms would be obtained 
by culturing the microorganisms under conditions which 
require the induced phenotype for survival. 

The operational elements as discussed herein are 
routinely selected by those or ordinary skill in the art 
in light of prior literature and the teachings contained 
herein. General examples of these operational elements 
are set forth in C. Lewin, fiflnu* Wiley 4 Sons, New York 
(1983), which is specifically incorporated herein by 
reference. Various examples of suitable operational 
elements may be found on the vectors discussed above and 
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■ay be elucidated through review of the publications 
discussing the basic characteristics of the 
aforementioned vectors. 

Upon synthes's and isolation of all necessary and 
desired component parts of the above-discussed vector, 
the vector is assembled by methods generally known to 
those of ordinary skill in the art. Assembly of such 
vectors Is believed to be within the duties and tasks 
performed by those with ordinary skill in the art end, as 
such, is capable of being performed without undue 
experimentation. For example, similar OKA sequences have 
been llgated Into appropriate Cloning vectors, as set 
forth by Maniatis in Molecular Cloning, Cold~ 

Spring Harbor Laboratories (1984), which is specifically 
incorporated herein by reference. 

In construction of the cloning vectora of the 
present invention, it should additionally be noted that 
multiple copies of the DMA sequence and its attendant 
operational elements may be inserted into each vector. 
In such an embodiment, the host organism would produce 
greater amounts per vector of the desired TNF inhibitor. 
The number of multiple copies of the DNA sequence which 
may be inserted into the vector is limited only by the 
ability of the resultant vector, due to its size, to be 
transferred Into and replicated and transcribed in an 
appropriate host cell. 

(b) Other Microorganisms 

Vectors suitable for use In microorganisms other 
B ' CPU are also contemplated for this Invention. Such 
vectors are described in Table 1. in addition, certain 
preferred vectors are discussed below. 
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fM PuinirtftM"" 1 * VaetQgl 

Several vector plasmids which autonomously replicate 
in a broad rang* of Gran negative bactaria are preferred 
for usa as cloning vahiclas in hosts of tha genus 
Psaudomonaa . Certain of thasa ara described by Taitf, 
R.C., Close, T.J., Lundquist, R.C., Hagiya, M. , 
Rodriguez, R.L. , and Xado, C.Z. in Biotechnology, Nay, 
1983, pp. 2 69-27 3; Panopoulos, N.J. in Cenatlc 
Engineering in the Plant Sciences. Praeger Publishers, 
New York, New York, pp. 163-185 (1981); and Sakagucki, X. 
in Current Topics in Microbiology and Immunology 14:31-45 
(1982), each of which is specifically incorporated herein 
by reference. 

One particularly preferred construction would employ 
the plasaid RSF1010 and derivatives thereof as described 
by Bagdasarian, M. , Bagdasarian, M.M., Coleman, S«, and 
T ism is, X.N. in Plasaids o f Medical. Environmental and 
Co— rclal importance . Timmis, X.N. and Punier, A. eds., 
Elsevier/North Holland Biomedical Press (1979), 
specifically incorporated herein by reference. The 
advantages of RSP1010 are that it is a relatively small, 
high copy number plasaid which is readily transformed 
into and stably maintained in both e. coli and 
Pmeudomonaa species. In this system, it would be 
preferred to usa the Tac expression system as described 
for Escherichia , since it appears that tha e. coll trp 
promoter is readily recognixed by Pstidomonaa RNA 
polymerase as sat forth by Sakagucki, X. in Current 
Topics in Microbiology and Immunology 2ft s 31-45 (1982) and 
Cray, C.L., McXeovn, K.A., Jonas A.J. 8., Seeburg, P.M., 
and Heyneker, H.L. in Biotechnology, Fab. 1984, pp. 141- 
165, both of which are specifically incorporated herein 
by reference. Transcriptional activity may be further 
maximised by requiring the exchange of the p r omoter with, 
e.g., an Infill or P. aeruginosa trp promoter. 
Additionally, the lacl gene of e. coll would also be 
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included in the plasmid to affect regulation. 

Translation may be coupled to translation initiation 
for any of the Psaudoaonas proteins, as veil as to 
initiation sites for any of the highly expressed proteins 
of the type chosen to cause intracellular expression of 
the inhibitor. 

In those cases where restriction minus strains of a 
host Pssudo»onas species are not available, 
transformation efficiency with plasmid constructs 
isolated from E. coli are poor. Therefore, passage of 
the Pssudoaonaa cloning vector through an r- m+ strain of 
another species prior to transformation of the desired 
host, as set forth in Bagdasarian, M. , et al., Plasmida 
of Medical. Environmental and Commercial Importance, pp. 
411-422, Timmis and Puhler eds., Elsevier/North Holland 
Biomedical Press (1979), specifically incorporated herein 
by reference, is desired. 

(ii) Bacillus Vctors 

Furthermore, a preferred expression system in. hosts 
of the genus Bacillus involves using plasmid pUBHO as 
the cloning vehicle. As' in other host vector systems, it 
is possible in Bacillus to express the TNF inhibitor of 
the present invention as either an intracellular or a 
secreted protein. The present embodiments include both 
systeam . Shuttle vectors that replicate in both Bacillus 
and k. coli are available for constructing and testing 
various genes as described by Dubnau, D. , Grycxan, T. , 
Contente, a., and Shivakuaar, A.C. in Genetic 
BMln— rliMi . Vol. 2, Setlov and Hollander eds., Plenum 
Press, Maw York, Hew York, pp. 115-131 (19t0), 
specifically incorporated herein by reference. For the 
expression and secretion of the THF inhibitor from B. 
subtil la. the signal sequence of alpha-aaylase is 
preferably coupled to the coding region for the protein. 
For synthesis of intracellular inhibitor, the portable 
DHA sequence will be translationally couple* to the 
riboeome binding site of the alpha-amylase leader 

9lfd73847 



sequence. 

Transcription of either of these constructs is 
preferably directed by the alpha-amylase promoter or a 
derivative thereof. This derivative contains the RMA 
polymerase recognition sequence of the native alpha- 
amylase proaoter but incorporates the lac operator region 
as veil. Siailar hybrid promoters constructed froa the 
penicillinase gene promoter and the lac operator have 
been shown to function in Bacillus hosts in a regulatable 
fashion as set forth by Yansura, D.c. and Henner in 
Genetics and Biotechnology of Bacilli . Ganesan, A.T. and 
Hoch, J. A. , eds., Academic Pmm, pp. 249-263 (1984) , ' 
specifically incorporated by reference. The lad gene of 
Ei CQli would also be included in the plasaid to effect 
regulation. 

(iii) Colatrldlua Vectors 

One preferred construction for expression in 
CloitrldlUB is in plasnid pJU12, described by Squires, 

C. H. et al., in J. Bacterid. 122:465-471 (1984) and 
specifically incorporated herein by reference, 
transformed into c. oerfrlnoen^ by the method of Heefner, 

D. L. et al., as described in J. Bacteriol. 121:460-464 
(1984), specifically incorporated herein by reference. 
Transcription is directed by the proaoter of the 
tetracycline resistance gene. Translation is coupled to 
the Shine-Dalgamo sequences of this same tet r gene in a 
aanner strictly analogous to the procedures outlined 
above for vectors suitable for use in other hosts. 

(iv) Viflst Vectors 

Maintenance of foreign OKA introduced into yeast can 
be effected in several ways as described by Botatein, 0. 
and Oavia, R.W., in The Molecular Biol ogy of the Vmmmt 
&*££hMXaa0C£MM. Cold Spring Harbor Laboratory, Strathem, 
Jones and Broach, eds., pp. 607-636 (1982), specifically 
incorporated herein by reference. One preferred 
expression system for use with host organisms of the 
genus glCChjrgBVril harbors the TUP inhibitor gene on the 
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2 micron plasmid. The advantages of the 2 micron circle 
include relatively high copy number and stability when 
introduced into cir 1 strains. These vectors preferably 
incorporate the replication origin and at least one 
antibiotic resistance Barker fro» pBR322 to allow 
replication and selection in L_fioJl. In addition, the 
plasmid will preferably have the two micron sequence and 
the yeast LEU2 gene to serve the same purposes in LEU2 
defective mutant* of yeast. 

If it is contemplated that the recombinant THP 
inhibitors will ultimately be expressed in yeast, it is 
preferred that the cloning vector first be transferred 
into g«**«Wchl» coll . where the vector would be allowed 
to replicate and from which the vector would be obtained 
and purified after amplification. The vector would then 
be transferred into the yeast for ultimate expression of 
the TNP inhibitor. 

(c) Mammalian Cells' 

The cDMA for the TMF inhibitor will serve as the gene 
for expression of the inhibitor in mammalian cells. It 
should have a sequence that will be efficient at binding 
ribosomes such as that described by Kozak, in Nucleic 
Acids Research 15:8125-8132 (1987), specifically 
incorporated herein by reference, and should have coding 
capacity for a leader sequence (see section 3(a)(vi)) to 
direct the mature protein out of the cell in a processed 
form. The DMA restriction fragment carrying the complete 
oOMA sequence can be Inserted into an expression vector 
which has a transcriptional promoter and a 
transcriptional enhancer as described by Cuarente, L. in 
Cell 52*303-303 (lt88) and Kadonaga, J.T. ftfc-ml* » in Cell 
51:1079-1090 (1987), both of which are specifically 
incorporated herein by reference. The promoter nay be 
regulatable as in the plasmid pHM (Pharmacia Cat. No. 
27490801) if constitutive expression of the inhibitor is 
harmful to cell growth. The vector should have a 
complete polyadenylation signal as described by Ausubel, 
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P.M. in Current Protocol* in Molecular Biology, 

Wiley (1987), specifically incorporated herein by 
reference, so that the aRNA transcribed froa this vector 
is processed properly. Finally, the vector will have the 
replication origin and at least one antibiotic resistance 
Barker froa pBR322 to allow replication and selection in 
Ei CQli- 

In order to select a stable cell line that produces 
the TNF Inhibitor, the expression vector can carry the 
gene for a selectable Barker such as a drug resistance 
Barker or carry a complementary gene for a deficient cell 
line, such as a dihydrofolate reductase (dhfrf gene for 
transforming a dhfr* cell line as described by Ausubel e£ 
Al., AUfiTfl. Alternatively, a separate pi a said carrying 
the selectable Barker can be cotransforaed along with the 
expression vector. 

7. Hoat Cmllm/Tranm format ion 

The vector thus obtained is transferred into an 
appropriate host cell. These host cells may be 
alcroorganlsBS or mammalian cells, 
(c) Microorganisms 

It is believed that any microorganism having the 
ability to take up exogenous DMA and express those genes 
and attendant operational elements aay be chosen. After 
a host organisa has been chosen, the vector is 
transferred into the host organisa using methods 
generally known to those of ordinary skill in the art. 
Exaaples of such methods aay be found in Advanced 
Bacterial Genetics by R.W. Davis et al . , cold Spring 
Harbor Press, Cold Spring Harbor, Mew York, (19S0), which 
is specifically Incorporated herein by reference. It is 
preferred, in one eabodiaent, that the transforation 
occur at low teaperaturss, as teaperature regulation is 
conteaplated as a Beans of regulating gene expression 
through the use of operational eleaents as sat forth 
above. In another eabodiaent, if osmolar regulators have 
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been inserted into th« vector, regulation of the salt 
concentrations during the transformation would be 
required to insure appropriate control of the foreign 
genes. 

It is preferred that the host microorganism be a 
facultative anaerobe or an aerobe. Particular hosts 
which aay ba preferable for use in this method include 
yeasts and bacteria. Specific yeasts include these of 
the genua Saccharomvces. and especially Saccharomvcaa 
cerevisiae . Specific bacteria include those of the 
genera P*^i).lui # Escherichia, and Pitudo»ona«. especially 
Bft^lUL.^' itiLU and Escherichia fiflii. Additional host 
cells lv* listed in Table I, supra .~ 
J) Mammalian Cells 

The vector can be introduced into mammalian cells in 
culture by several techniques such as calcium phosphate: 
DMA coprecipitatlon, electroporation, or protoplast 
fusion. The preferred method is coprecipitatlon with 
calcium phosphate as described by Ausubel at al . , supra . 

Many stable cell types exist that are transformable 
and capable of transcribing and translating the cDNA 
sequence, processing the precursor THF inhibitor and 
secreting the mature protein. However, cell types may be 
variable with regard to glycosylation of secreted 
proteins end post- trans la tional modification of amino 
acid residues, if any. Thus, the ideal cell types are 
those that produce a recombinant THF inhibitor Identical 
to the natural molecule. 

8. Culturlno Enaln— red CmWm 

The host cells are cultured under conditions 
appropriate for the expression of the THF" inhibitor. 
These) conditions are generally specific for the host 
cell, and are readily determined by one of ordinary skill 
in the art in light of the published literature regarding 
the growth conditions for such cells and the teachings 
contained herein. For example, Bergey's Manual of 
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Determinative Bacteriology, 8th Ed., Williams 4 Wilkin. 
Company, Baltimore, Maryland, which is apacifically 
incorporatad harain by reference, contains information on 
conditiona for culturing bactaria. Similar information 
on culturing yeast and mammalian calls may be obtained 
from Pollack, R. Mammalian Cell Culture, Cold Spring 
Harbor Laboratories (1975) , specifically incorporated 
herein by reference. 

Any conditions necessary for the regulation of the 
expression of the DMA sequence, dependent upon any 
operational elements inserted into or present in the 
vector, would be in effect at the transformation and 
culturing stages. In one embodiment, cells are grown to 
a high density in the presence of appropriate regulatory 
conditions which inhibit the expression of the DWA 
sequence. When optimal cell density is approached, the 
•nvironmental conditions are altered to those appropriate 
for expreaaion of the DWA sequence. It is thus 
contemplated that the production of the TWF inhibitor 
will occur in a time span subsequent to the growth of the 
host cells to near optimal density, and that the 
resultant TWF inhibitor will be harvested at some time 
after the regulatory conditions necessary for its 
expression were induced. 

9. Purification 

(a) TWF inhibitor Produced From Microorganisms. 

In a preferred embodiment of the present invention, 
the recombinant TWF inhibitor is purified subsequent to 
harvesting and prior to assumption of its active 
structure. This embodiment is preferred as the inventors 
believe that recovery of a high yield of re-folded 
protein ie facilitated if the protein is first purified. 
However, in one preferred, alternate embodiment, the TWF 
inhibitor may be allowed to refold to assume its active 
structure prior to purification. In yet another 
preferred, alternate embodiment, the TWF inhibitor is 
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present in its refolded, active state upon recovery fro« 
the culturlng medium. 

In certain circumstances, the TNP inhibitor will 
assume ita proper, active atructure upon expreaeion in 
the host mlcroorganiea and transport of the protein 
through the cell wall or aeabrane or into the periplaeaic 
•pace. Thia will generally occur if DMA coding for an 
appropriate leader aequence has been linked to the ONA 
codir. for the recombinant protein. If the TMP inhibitor 
doea ..ot aaauae ita proper, active atructure, any 
diaulfide bonds which have formed and/or any noncovalent 
interaction which have occurred will first be disrupted 
by denaturing and reducing agenta, for exaaple, 
guanldinlua chloride and beta-aercaptoethanol , before the 
TNF inhibitor la allowed to aaauae its active structure 
following dilution and oxidation of these agenta under 
controlled condition*. 

Por purifications prior to and after refolding, aoae 
combinations of the following ateps is preferably used; 
anion exchange chromatography (aonoQ or DEAE-S •pharos*) , 
gel filtration chroaatography (superose), 
chroaatofocuslng (MonoP) , and hydrophobic interaction 
chromatography (octyl or phenyl sepharose) . of 
particular value will be affinity chromatography using 
TMP (described in Example 1). 

(b) TMP Inhibitor Produced from Mammalian Cells. 
TWF inhibitor produced from mammalian calls will be 
purified from conditioned medium by ateps that will 
include ion exchange chromatography and affinity 
chromatography using TMP as described in Example l. it 
vill be apparent to thoae skilled in the art that various 
modifications and variations can be mads in the processes 
•nd products of the present invention. Thus, it is 
intended that the present invention cover the 
modifications end variations of thia invention provided 
they come within the scope of the appended claims and 
their equivalents. 
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As indicated previously, the TNF inhibitors of the 
present invention are contemplated for use as therapeutic 
agents and thus are to be formulated in pharmaceutical ly 
acceptable carriers. In om* embodiment of the present 
invention, the TNF inhibitors say be cheaically modified 
to improve the pharmokinetlc properties of the molecules. 
An example would be the attachment of the TNF inhibitors 
to a high aolecular weight polymeric material such as 
polyethylene glycol. In addition, interleukin-1 
inhibitors may be administered in conjunction with the 
TNF inhibitors. This combination therapeutic will be 
especially useful in treatment of inflammatory and 
degenerative diseases. 

The following examples illustrate various presently 
preferred embodiments of the invention claimed herein. 
All papers and references cited in the Examples that 
follow are specifically incorporated herein by reference. 

EXflKPlfl 1. Protein Preparation 

a. Material i 

The gene for TNF alpha (TNFa) was purchased from 
British Biotechnology, Limited, Oxford, England. DEAE- 
Sepharose CL-6B resin and Mono-Q HR3/5, HR10/10 FPLC 
columns were purchased from Pharmacia, Inc., Piscataway, 
New Jersey. Affigel-15 resin, and BioRad protein assay 
kit were purchased from BioRad, Richmond, California., 
Tween 20, ammon ium bicarbonate, sodium phosphate, PMSF, 
sodium bicarbonate, dithiothreitol crystal violet and 
actinomycin 0 wore purchased from Sigma Chemical Company, 
St. Louis, Missouri. Endoprotelnase Lys-C, 
Endoproteinase Asp-N and TRI8 were purchased from 
Boehrlnger Karmheim Blochemlcals, Indianapolis, Indiana. 
Bexafluoroacetone was purchased from ICN Biomedicals, 
Costa Mesa, California. Cyanogen bronide, 
trifluoroacetic acid, and guanldlne hydrochloride were 
purchased from Pierce Chemicals, Rockford, Illinois. 
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Acetonitrile and HPLC water were purchased froa J.t. 
Baker Chealcal Company, Phillipgburg, new Jersey. Urea 
was purchased froa Bethesda Research Laboratories, 
Gaithersburg, Maryland. (*H)-Xodoacetic acid was 
purchased froa New England Nuclear, Boston, 
Massachusetts. ( m l)-TNPa was purchased froa Aaershaa, 
Arlington Heights, Illinois. Recombinant huaan TMFa was 
purchased froa Aagen, Thousand Oaks, California, ca- 
reverse phase columns (23 ca x 4.6 aa) were obtained froa 
Synchros, Inc., Lafayette, Indiana. A C8-aicrobore 
reverse phase column (7 micron, 22 ca x 2.1 aa) was 
obtained from Applied Biosystems, Foster City, 
California. Corning 96-well microtiter plates were 
purchased from Vwr scientific, Batavia, Illinois. McCoys 
5A media and fetal bovine serum were purchased froa 
Glbco, Grand Island, New York, rfm-i 1640 aedia and L- 
glutaaine were purchased froa Media tech, Herndon, 
Virginia. Trypsin was purchased froa K. C. Biological*, 
St. Lenexa, Kansas. ME180, U937 and L929 coll lines were 
obtained froa American Type Culture Collection, 
Rockville, Maryland. 



B. Aaeave for the THF inhibitor 

Two types of assays were used to identify the TNF 
Inhibitor. One of thea is a cytotoxicity assay. The 
other is a gel shift assay. 

1. Cytotoxicity Ammmy 

The cytotoxicity assay was performed with actinoaycin 
D-treeted HtXtO cells and L929 cells as described by 
Oetrove and clfford (Proc. soc. Exp. Biol. Med. 160, 354- 
33* (1070)) and Aggarwal and Essalu (J. Biol. Chea. 262, 
10000-10007 (1987)). L929 cells (CCLXt American Type 
Culture Collection) cells were maintained in McCoy's 5A 
aedlua containing 10% total bovine serua. confluent 
cultures were treated briefly with 0.23% trypsin in 
physiological solution containing SaM IOTA and 
reauspended in a fresh aediua. Approximately 2 x 10* 
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trypsinized cells per veil were plated in 96-Well plates 
(Coming) and incubated for 24 hours at 37 C. Then 
actinomycln D was added to a final concentration of 0.23 
ug per ml. After two hours, samples containing TNP and 
TMF inhibitor were added to the wells and Incubation was 
continued overnight at the sane teaperature. After 
aicroscopic evaluation, the aediua was decanted, and the 
wells were rinsed with PBS. The wells were then filled 
with a solution of 0.1% crystal violet, 10% formaldehyde 
and lOalf potasslun phosphate, pH 6.0 for 5 aln, washed 
thoroughly with water and dried. The dye was extracted 
with 0.1M sodiua citrate in 50% ethanol, pH 4.2. The 
absorbance of the dye in viable cells was determined at 
570 na using a Kinetic nicroplate reader (Molecular 
Devices Corp. CA) . An exaaple of this assay is shown in 
Figure 1. In the presence of TNF inhibitor, the 
cytotoxic effect of TNF was reduced. 

2. q%\ shift Assay 

The gel shift assay involves the use of a native 
polyacryiaaide gel electrophoresis system. Tnis native 
4% gel electrophoresis was performed according to Hedrick 
and Saith (Arch. Biochem. and Biophysics 126, 155-164 
(1968)). The iodinated TNF (Aaersham) was mixed with the 
TNF inhibitor froa Example i.e. after C8 chromatography 
and incubated for 30 Bin. to 2 hours. This mixture, 
along with the iodinated TNF alone, were loaded onto the 
4% native gel and electrophor»»ed. After the gel was 
fixed with 10% acetic acid and washed, a film was placed 
for radioautography. As shown in Figure 2, the complex 
of TNT and TNF inhibitor migrates differently from the 
TNF by itself. This gel shift assay was used to 
determine which fractions contain TNF inhibitor in the 
eluates of DBAS CL6B column chromatography. 

C. Puriflesfclon ot the lOVn* t>uw Tnhibitor 

Twenty liters of urins froa a patient diagnosed with 
renal dysfunction was concentrated to 200 al with an 
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Am icon YM5 membrane. The concentrate was than dialyzed 
at 4*C against 0.025 B Tris-Cl, pH 7.5, and subsequently 
centrifuged in a J A 14 rotor at 10,000 rpa for 30 minutes. 
The supernatant was then loaded onto a 40 x 4.5 ca DEAE 
Sepharose CL-6B columv) equilibrated with 0.025 B Tris-Cl, 
pH 7.5 and extensively rinsed with equilibration buffer 
until the 00|M of the effluent returned to baseline. 
Chromatography was accomplished using a linear gradient 
from 0-0.05 B sodium chloride in 0.025H Tris-Cl pH 7.5 
and monitored by ODjm* Column fractions were collected, 
and assayed for TNF inhibitor activity using the native 
gel assay. The TNF inhibitor eluted elutes in a rather 
sharp peak at 80mM NaCl. 

Figure 6 A shows the OD^o profile of the DEAE 
Sepharose CL-6B chromatography of 20 1 urine. Figure 6B 
shows the autoradiograph of the corresponding native gel 
assay indicating a peak of the TNF inhibitor at fractions 
57-63, which is about 80mM NaCl. 

Tho TNF inhibitor was further purified using a TNF 
affinity column. Recombinant TNF was expressed in 
BL21/OE3 at about 10-20% total cell protein. The cell 
pellet was French-pressed at 20,000 psi ind the soluble 
material dialyzed at 4°C against 0.025 K Tris-Cl pH 8.0. 
The dialyzed lysate was 0.2 micron-filtered and loaded 
onto a Mono-Q FPLC column equilibrated with 0.025 B Tris- 
Cl ph 8.0. A linear gradient from 0 to 0.5 B NaCl in 
0.025 B Tris-Cl pH v.o was run and monitored by OD^. 
One ml fractions were collected and analyzed for purity 
by SDS-PAGE. The subsequent TNFa pool was about 90% pure 
based on Coomassie -stained SOS-PACE and was fully active 
based on a Bradford protein assay, using lysozyme as u 
standard, and an ME180 bioassay, using Amgen's TNFa as a 
standard (Bradford, M. Annal. Biochem. 72, 248-254 
(1976)). 

TNFa was concentrated in an Amicon Centriprep-10 to 
about 25 mg/ml, dialyzed againat 100 mH NaHCO,, pH 8.5, 
and coupled to Affigel-15 resin at 25 mg TNF/ml resin. A 
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coupling efficiency of greater than 80% yielded a high 
capacity reein which was used to further purify the TNF 
inhibitor. 

PMSF, at a final concentration of 1-4 mM, was added 
to the DEAE CL-6B pool and applied to a 4 x 1 cn TNP 
affinity column equilibrated at 4C with 0.02S M Tris-Cl 
pH 7.5 at a flow rate of 0.1 ml/mln. The column was then 
rinsed with 0.025 H Tris-Cl pH 7.5 until the OD»o of the 
effluent returned to baseline. The column was 
subsequently • luted with 0.05 H NaPhos, pH 2.5 and 
monitored by OD^q. Figure 7 shows the ODjm profile of 
the 0.05 H NaPhos pH 2.5 elution from the TNF affinity 
column. 

The TNF inhibitor was purified to homogeneity by 
reverse phase KPLC on a Syncropak RP-8 (C8) column. The 
OQno peak from the TNF affinity column was pooled and 
inmediately loaded onto a RP-8 column, equilibrated with 
0.1% TFA/H,0, a linear 1%/min gradient of 0.1% 
TFA/acetonitrile was run, from 0-50%, and monitored by 
OD|i5 and OD^o. Fractions were collected and assayed from 
bioactivity using L929 cells and the native gel assay 
described in Example l.B. Both of these assays indicate 
bioactivity at fractions 28-32 which corresponds to a 
peak of ODju and OD»o aluting at 18% acetonitrile. 

Figure 8A and 8C show the chromatographic profile of 
the TNF affinity pool on a Syncropak RP-8 column with the 
corresponding bioactivity frow the L929 cytoxicity assay. 
Figure 8B shows a silver stained 15% reducing SDS-PAGE 
of the RP-8 pool indicating a single band at 3 Ok Da. 



D. Characterisation of the Protein Compo nent of 30kDa 
TNT Inhibitor 

30kDa TNP Inhibitor is a glycoprotein as was detected 
using Concanavalin A-Peroxidase after the protein was 
transferred onto the nitrocellulose filter. This method 
i« • Modification of Mood and Sarlnana (Analytical 
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Biochea. 69, 320-322 (1975)) who identified glycoproteins 
on an acrylaaide gel directly. The peroxidase staining 
of glycoprotein was performed by using peroxidase 
conjugated Con A or non-conjugated Con A. When non- 
conjugated Con A was used, the nitrocellulose filter was 
incubated for one hour in a solution containing Con A 
(0.5 ag/al. Miles Laboratory) in phosphate buffer, pH 7.2 
(PBS); then washed 3x5 Bin. in PBS. The washed filter 
was incubated in horseradish peroxidase (0.1 mg/ml, Sigaa 
Cheaical), for. one hour. After 3 x 15 Bin. was in PBS the 
filter was immersed in a solution containing 3 ag/al 4- 
chloro-l-naphthol (Sigaa Chemical) and 12.5 ul/al of 
hydrogen peroxide until the color was developed. 
Glycoprotein was seen as a purple color. A photograph 
was aade as soon as the filter was developed as shown in 
Figure 3. 

Cheaical deglycosylation of TNF inhibitor was carried 
out by the aethod of Edge, Faltynek, Hof , Reich* rt and 
Weber (Analytical Biochea. 118, 131-137 (1981)). A 
Mixture of 0.25 al anisole (Eastaan Kodak) and 0.5 al of 
trif luoroaethanesulfonic acid (Eastaan Kodak) was cooled 
to A C. then 1-200 ng of dry TNF inhibitor were dissolved 
in 3ul of this aixture. The tube was flashed with 
nitrogen, then incubated for 30 ain. at rooa teaperature. 
This deglycosylated protein was analysed on SDS-PAGE 
(Figure 4) . The aolecular weight of cheaical treated TNF 
inhibitor is about 18,000 da 1 ton. A band at 14,000 was 
seen also, but this may be a proteolytic fragment of 
deglycosylated TNF inhibitor. 

The ensyaatic deglycosylation using M-glycanase was 
performed following the aanuf acturer ' s protocol (Cenzyae 
Corp.) except TNF Inhibitor was incubated with N- 
glycanase for 5 to 6 hours instead of overnight. The 
aolecular weight of the deglycosylated font of denatured 
TNF inhibitor is shown to be about 20,000 da 1 ton (Figure 
5). when the inhibitor is not denatured prior to 
deglycosylation, the aolecular weight of the 
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deglycosylated protein is about 26,000 dalton. 



E. ^l Y eo«vl^ f rf 30lcDa TMP-lnhlbltor bind a _tQ_THF. 

Radiolabeled THF inhibitor (30kDa) was treated with 
TFMSA (trifluoromethanesulfonic acid) in order to remove 
carbohydrates, and the TFMSA was separated from the 
protein by HPLC. The protein fraction was aixed with 
TMF-afflgel for one hour at 4* C, and all unbound 
material was removed by centrifugation. The THF-affigml 
was washed extensively with 50mM NaP04, pH 2.5. 
Radioactivity in each fraction was counted and also 
analysed on a SDS-PACE. Non-specific binding of THF 
inhibitor was measured using anhydrochymotrypsin affigel. 
The results are shown in Table 2. These results indicate 
that deglycosylated THF inhibitor (30kDa) binds to THF. 



TABLE 2 





Type of 
Affinity 




Count 


tCVM\ 




Sample 


Flow Through 


Eluate 


Native TNF-INH 
Native TNF-INH 
TFKSA-Treated TNF-INH 
TFHSA-Treated TNF-INH 


THF 

Anhy CT 
THF 

Anhy CT 


49401 

80000 
13369 
15682 


(55.0%) 
(98.0%) 
(73%. 0) 
(94.0%) 


40014 
1789 
4908 
926 


(45.0%) 
( 2.0%) 
(27.0%) 
( 6.0%) 



In another experiment, radiolabeled THF inhibitor 
(30kDa) was reduced, then deglycosylatod with N- 
glycanasa. After deglycosy la t ion, the material was 
incubated with 19 mH oxidised glutathione (GSSG) for 10 
minutes at room temperature, and diluted 5 fold with 50mM 
Trim, cysteine was then added to a final concentration 
of 5mlf. The material was incubated at 4* C for 16 hours 
then mixed with a THF-affigel for one hour at 4* C. 
Unbound material was removed, and the gal was washed 
extensively with 50mN Tris-HCl, pH 7.5. The bound 
material was eluted with SOaM MaP0 4 , pH 2.5. 
Radioactivity in each fraction was analysed, and a 808- 



PAGE was parformad for each fraction. A. saan in Tabla 3 
and Pigura 18, tha daglycosylatad and raoxidiiad TMP 
inhibitor also binda to THF. 



TABU 3 



Saapla 



Typa of 

Affinity 



Flow Through 



Eluata 



Nativa THF-IHH TMF 
Nativa TKF-IKH 

(raducad/raoxidizad) TMF 

TFHSA-Troatad w _ 

(raducad/raoxidizad) Anhy CT 

Daglycoaylatad THF-IHH 
(raducad/raoxidizad) TMF 

Daglycoaylatad THF-IHH 

(raducad/raoxidizad) Anhy CT 



18281 (60.0%) 
28589 (94.0%) 
31371 (98.70) 
25066 (85.0%) 
29619 (98.4%) 



12603 (40.0%) 
1964 ( 6.0%) 
421 ( 1.3%) 
4305 (15.0%) 
495 ( 1.6%) 



rv^u a. ? ; f r^^ of t inhib i tor 

H-tar»inal saquancas w«ra datantinad uaing Appliad 
Bloayatama Protain Saquancara, aodala 470 and 477. Prior 
to saquancing, paptidas ganarat«d fro. a variaty of 
protaolytic •nzymas vera purifiad on an Appliad 
Bloayatama C8-microbore HPLC column (22 cm x 2.1 mM) . 

A. fr»4no Tamjnnl ft«q"«nclnci 

Approximataly 250 pmolas of ravaraa phaaa (RP-8) 
purifiad TMF inhibitor vara appliad diractly to a 
polybrana filtar and .ubjactad to automata* Edman 
degradation. Tha raaulting aaguanca information yialdad 
tha first 30 amino acids of tha aolacula. 

Erflimin 

ApproxiBataly 250 pmolaa (5 ug) of rmvarsa-phaaa 
purifiad TMF inhibitor was digaatad with 1 ug of 
•ndoprotainaaa Lya-C. Tha 12 hour digastion at 25*C waa 
carried out in tha praaanca of IK uraa # 0.01% Tvaan 20. 
and 180 a* mhHCO,, pH 8.0. Prior to paptldm purification 
tha digaat was raducad by incubation for 1 hour following 
addition of 50-fold molar axcasa of dithiothraitol, or 



reduced and alkylated by a further one hour incubation at 
37 C using a two-fold nolar excess of (*H)-iodoac«tic acid 
ovar dithiothreitol. Figure 9 A shows the reverse phase 
HPLC pattern of this digestion. Figure 9B shows the 
reverse phase HPLC pattern of this digest followed by 
alkylation. 

C. flnrippm* 1 "*** amp— M Digestion of Native 

Approximately 250 paol (5ug) of reverse phase 
purified THF inhibitor was digested with 0.5-2.5 ug 
endoproteinase Asp-N. The 12-18 hour digest at 37C was 
carried out in the presence oflH guanidine-HCl , 0.01% 
Tween 20 and 150 *M NaPhos # pH 8.0. 

Prior to peptide purification the digest was reduced 
and alkylated as in Example 2*fi. Figure 10 shows the 
reverse phase HPLC pattern of two such digests. 

0. Reduction prboirv— thvlatlon of Protein 

The reverse-phase HPLC purified THF inhibitor was 
reducad and carboxymethylatod with fy) Zodoacetic acid 
as described by Glaxer, et'al., in Cheaical Modifications 
of Proteins, pp. 103-104 (1975), except two successive 
rounds of reduction followed by alkylation were used. 
The protein was re-purified by reverse-phase HPLC prior 
to proteolytic digestion. 

E. ftyjanrofiMM vi pwion of Reduction 
Carhomme thvlatlow of Prof In 

An analytical digest was performed by dissolving 55 
paoles (about 1 ug) of reduced carboxymethylated TMF 
inhibitor in 150 bM HaHCO, pH 8.0, and digesting it with 
0,2 ug V8 protease for 18 hours at 25C. Reverse-phase 
HPLC (Figure 11 A) revealed throe sequ e nc e able peptides 
and indicated a larger scale digest was in order. 
Approximately 220 pmolea (4.9 ug) of reducad 
carboxymethylated TMF inhibitor was digestad with 1 ug VI 
proteasa for 5 hours at 25*C, whan an additional 0.5 ug 
V8 protesse was added and the digestions continued for 16 
hours. Figure 11B shows the reverse-phase HPLC of the 
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r. Cfl ff P l«f Pr imary Structure ef iQkDa TOP 
Inhibitor ftiiaad on P ant Idas Saouancas and cDNA Saouanca. 

Various peptide fragments w«r« aligned according to 
tha cDNA saquanca obtainad in Exaaple 4. This is shown 
in Pigura 19. Raaiduaa which ara not idantifiad by 
protain aaquancing ara rasidua nuabara 14, 42, 43, 44, 

96, 97, 103, 107, 108, and 110 through 119. Tha sequenca 
of Gln-Ile-Glu-Aan is apparantly tha carboxyl terminus of 
tha 30 kOa TNP inhibitor. 

Fviipli a. lOkDa TMF inhibit or la produced bv U937 calls 
atlmilatad with PMA and PHA. 

Tha aonocyte-llka call lina U937 was grown at 37 # C 
in RPHI aediua containing 10% fatal calf a arum to a call 
danaity of 1 x 10*cells/al. Tha calls wara than reaovad 
by cantrifugation and resuspended on 5 diffarant 100 ca* 
patri plataa at 2 x 10*cells/al in RPMI without serua 
containing 10 ng/al of PMA (phorbol 12-ayristate 13- 
acatata) and Sug/al PHA-P (phytohaaagglutinin-P) . Tha 
conditioned aadlua froa ona plata was harvested after 
only 10 ainutes of incubation and used as a zero tiae 
control. The aediua froa the reaaining plates was 
successively reaovad at 24 hours, 48 hours, 72 hours and 
98 hours after plating. The protein contained in these 
saaplaa was concentrated into approxiaately 400 ul each 
by Centriprep-10 (Aaicon Corp.) treataent. Each 400 ul 
•ample was then aixad with an equal voluae of an Aff igel- 
1S (Blorad Corp.) preparation containing approxiaately 10 
mg/al of purified huaan recombinant THFa that had been 
prepared in our laboratory. This THFa, prior to being 
bound to the Affigel-15 resin, had been shown to be 
bioactive by its toxicity to sure in L929 cells. 

The conditioned medium was incubated at room 
temperature batchwise with the TMPa affinity rasin for 2 
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hours. The unbound fraction was reaoved aftsr 
centrifugation of ths resin and ths rssin was 
subsequently washed with 1 nl <500ul, 2x) of PBS 
(phosphate buffered saline, pH 7.5) containing 0.1% 
gelatin. Bound material was eluted with a 25 sJf solution 
of aonobasic sodiua phosphate, pH 2.5 (400 ul, 2x) . 40 
ul of each of the unbound, washed, and eluted fractions 
were dried, resuspended in 10 ul of 25 wM Trie pH 7.5, 
■ixed with 2 ul (100 pci) of m I-TMFa (400-800 ci/aaole, 
Aaershaa) and incubated for 30 ainutos at rooa 
teaperature. These Mixtures were then aixed with 5 ul of 
40% sucrose and 1 ml of 0.1% broaophenol blue and applied 
to a 4% native acrylaaide gel as described in Exaaple 
l.B . The conditioned aediua froa all saaples except the 
zero control contained TNFa binding activity by this 
assay as shown in Figure 15. 

The reaaining 300 ul froa each saaple (1st low pH 
elution) were applied to a C8 HPLC column and eluted with 
a linear gradient of acetonitrile over 60 ainutes 
(1%/alnute, 1 al/ainute flow rate, 1 al fractions were 
collected) . Each fraction as dried and resuspended in 50 
ul of PBS ♦ 0.1% gelatin. 10 ul of each of these saaples 
was aixed with m I -TNFa as above and analyzed by native 
polyacrylaalde gel. TNFa binding activities are detected in 
fractions corresponding to 33% and 36% acetonitrile as 
shown in Figure 16. 

tv»«>i* tMlvitt o* —a — noer RMA fro* PMA/PHA treated 

0937 cells were grown as described in Exaaple 3 to a 
density of 1 x 10* cells/al and then resuspended in 
s« run-free aediua at 2 x 10* cells/al without or with PMA 
(10 ng/al) and PHA (5 ug/al). Saaples were taken at 1 
hou: PMA/PHA and 17 hours ♦ PMA/PHA only. Total RHA 
was prepared froa the cells by the guanidiniua 
thiocyanate-phenol-chlorofor* aethod of Choaczynski and 
Sacci (Analytical Biochsaistry 142:156-159, (19S7)). 
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Poly A* RNA was prepared from total RNA by annealing to 
oligo dT cellulose (Bethesda Research Labs) . Eight 
aicrograas of aach poly A* RNA was than appllsd to a 6.6 
formaldehyde, 1.2% agarosa gal. Tha RNA within ths gal 
was than blottad to a rata proba membrane (BioRad) . Ths 
aeabrane was traatad as dascribad in Exaapla 5 for 
scraaning of a huaan genomic DMA library with 
oligonuclaotids probas. 1 x 10* cpa/al of a 1 aba 11 ad 
single strandad ONA -proba (polynuclsotida kinasa) was 
addad. Tha sequence, of this proba is: 

5* TTGTGGCACTTGGTACAGCAAAT 3» 
and it corrasponds to basas 410-433 of tha saquanca sat 
forth in Pigura 13. Pol lowing -overnight hybridisation at 
65°C, tha aeabrane was washed onca at rooa taaparatura in 
6 X SSC 0.1% SDS and onca at 6?*C in tha saaa solution 
and than exposed to x-ray fila for 72 hours. The 
autoradiograa shown in Figure 17 shows that PMA/PHA 
treataent of U937 cells in serua-free aediua for 1 hour 
clearly stiaulates the expression of the 30kDa TNPa 
inhibitor aeesenger RNA and that by 17 hours of treataent 
this aessage is virtually absent froa the cells. The 
aolecular size of the 30k0a TNFa inhibitor aessenger RNA 
based on this experiaent is approximately 2.4 kilobases. 

ryutytl^ s. Preparation of a h UMD, g *«oaic DMA library for 

JQKPa Tiff Inhibitor 

Huaan genoaic DMA was partially digested with fiajidAX 
and also selected. DMA with an average site of IS KB was 
ligated into the fiftaHI site of bacteriophage lambda 
Charon 30. (Riaa, D.L., Horness, D., Kucera, J., and 
Blattner, P.R. Gene 12:301-309 (i960)). Phage were 
propa ga ted and aaplified on e. eoli CES 200. 

A. PjCSbtl 

The four degenerate oligonucleotide hybridisation 
prob es listed in Table 4, ware synthesized on an Applied 
Blosysteas DMA synthesizer. Bach proba aixture consisted 
of mil possible DMA sequences coding for tha given 
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TABLE 4 

Peptide Peptide Probe 

HAM__ Sequence USMtu PrOtM SlflUtDfil 

LyaC 18 KEMGQVE TNFBP-P20 5 • TCNACTCTGNCCCATTCTCTCTT 3* 

LyaC 11 QGKYIHP TNFBP-P2 • 3 ' CAAGGGNAAAGTATCACATCC 3* 

LysC 11 YNDCFG TNFBP-P3 • 5 ' TATCAATCCATCTGTCCCNCC 3* 

LysC 11 YIHPQNN TNFBP-P4 5 ' TTAGTTTCTCNGCACTCACT 3* 

N - G, A, T, or C. 



Oligonucleotides were labeled with [gamma -»P] ATP 
(Amersham Inc., Arlington Heights, IL) and T4 
polynucleotide kinase (Boehringer Mannheim, Indianapolis, 
IN) to a specific activity of 6-9 x 10* c.p.m./picomole 
according to Manufacturer's instructions. 

B. Methodology; 

S. 4 x 10 s lambda phage containing human genomic DMA 
were plated and transferred to duplicate nitrocellulose 
filters. These filters were hybridized with 1 pMol/al of 
probe TNF8P-P2 • for 16 hours in a solution containing 1.0 
M NaCI, 0.1 N sodium citrate, 2x Denhardts solution 
(Oenhardt, O.T. Blochem. Blophvs. Res. Commun. 23:641-646 
(1966)), 0.1% SOS, 0.05% sodium pyrophosphate and 150 
ug/ml yeast tRMA at a temperature of 52 C. This 
temperature is 2*C below the calculated Tm for the most 
AT-rich member of the oligonucleotide pool. (Suggs, S.V. 
in Developmental Biology Using Purified Genes, (Brown, 
D.D., and Fox, C.F., eds.) Academic Press, New York, pp. 
683-693 (1981)). After hybridisation, the filters were 
washed for 45 minutes at ambient temperature with three 
changes of 1 M NaCI, 0.1 N sodium citrate and 0.5% SDS. 
A stringent wash of eight minutes was done at the 
calculated Tm (i.e., 2 C above hybridisation temp) for 
the most AT-rich member to the pool. Filters were then 
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dried and autoradiographed for 40 hours with on* . 
Intensifying acreen at -70 C. 

Blavan poaitiva hybridizing plaquaa vara datactad and 
thaaa vara isolatad and aaplifled. Tha ability of thasa 
clonaa to hybridiza to TNFBP-P20, TNFBP-P3 • and TMFBP-P4 
was tastad using aiailar methodology. One clone (TNFBP- 
8) hybridized to all four oligonucleotides. This clone 
was plaque purified and aaplifled. DMA was prepared froa 
thia clone uaing Lambda-Sorb (Pr omega Corporation, 
Madison, WI) and a aethod described by the aanufacturer. 

One aicrograa of thia DMA wae then digeated with 
SaU3Ai and tha fragments aubcloned into BftmHI digeated 
1113 aequencing vector ap 18 (Yanish- Perron, c, Viera, 
J., and Massing, J. fieju 33:103-119 (1985)). M13 clonaa 
ware then tranaf erred to duplicate nitrocellulose flltera 
and hybridized to tha oligonucleotide probea in Table 4 
uaing conditions pravioualy described. Poaitiva 
subclonea were purified and sequenced (Sanger, F. , and 
Couleon, A.R.J. Mol. Biol. 21:441-448 (1975)) using a 
aodlfied T4 DNA polymerase (Sequenase, US Biochemical 
Corp., Cleveland OH) aa described by the aanufacturer, 
and uaing aa primers either the degenerate probea uaed to 
identify the clone or sequence obtained using those 
probes. Aaong the sequences obtained era those of 
StttoClOnM TWFBP-M13-Sau3A-P2 • -2 and TMFBP-M13 -Sau3A-P4 
Pries re, P3, P3«, P2*, P2 and P4. The sequence data is 
•st forth in Figure 13. The sequence contains DNA coding 
for at leaet 48 aaino acids of 30kDa TMF inhibitor 
peptides other than those specified by tha probes and 
therefore confiras that tha clone TNFBP8 codas for TMF 
inhibitor. The sequence also shows that tha gene for TMF 
inhibitor includes at least one lntron (CTACCCCCAA ... 
. . . .CCCCATTCACAG) . Finally, this aequance shows that 
30k0a TMF inhibitor is eynthasised as a praoursor protein 
and that a proteolytic cleavage at tha Arg-Asp sequence 
is requirad to generate tha aature, active protein. 
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Bxaapla a. Preparation and scraanino of a cDNA library f> f 
mRNA froi U937 calls stimulated with PMA/PHA. 

The experiment described in Example 4 shows that U937 
cells treated with PMA/PHA for 1 hour should contain a 
pool of messenger RNA enriched for the TNF inhibitor 
(30kDa) . Accordingly, a cDNA library was prepared froa 
polyA* RNA obtained from U937 cells treated with PMA/PHA 
as described in Example 4. Double stranded, blunt ended 
cDNA was obtained from approximately 5 ug of poly A* RNA 
essentially as described by Gubler, U. , and Hoffman, 
B.J., (1983 Sans, 25:263) using lot tested reagents 
(Amhersham, Arlington Heights, IL) according .£g 
procedures recommended by the manufacturer. 
Approximately 1 ug of double stranded cONA obtained was 
treated with the enzyme EcoRI methylase and EcoRZ linkers 
having the sequence: d(pCCGGAATTCCGC) (New England 
Biolabs, Beverly, MA), were attached via T4 ONA ligase 
followed by digestion with endonuclease EcoRI. This DMA 
was then ligated into a lambda-bacterlophage cloning 
vector gtlO (Young, R.A., and Davis, R.W. (1983) Proe 
Natl Acad Scl USA. 80:1194-1198) that had been digested 
with EcoRI and the product packaged into infective 
lambda-bacteriophage particles using laabda-DNA packaging 
extracts (Cigapack II Gold) obtained from Stratagene (La 
Jolla, CA) according to their protocol. This lambda- 
lysate (cDNA library) was then used to infect E. coll 
strain C600 hflA and it was shown that the library 
contained approximately 2.5 x 10* recombinant members. 

Approximately 4 x 10 s members of this library were 
plated on eoii strain C600 hflA (5 x 10* 
p.f.u./plate) . Duplicate lifts to nitrocellulose were 
made and the filters were treated as described in Example 
S for screening of the human genomic library. The DMA on 
the filters was then hybridised to the same n p labelled 
probe as described in Example 4 except that the 
temperature of Incubation was 42*C. Proa 4 x 10 s 
recombinant phage plated, 3 duplicate plaques hybridised 
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to this probe. Thess were further reisolated and probed 
as above and with an additional synthetic probs having 
the sequence: 

5' CCCCGGGCCTGGACAGTCATTGTA 3' 

This probs corresponds to bases 671-694 of ths huaan 
genoaic TNF inhibitor clone shown in Figure 13. Both 
probes hybridized to all three plaques Identified with 
the first. 

After plaque purification ONA was prepared froa these 
three clones and subcloned into the EcoRZ site of N13 
vectors MP18 and MP19 as described in Example 5. Each of 
these cOHAs consist of two EcoRX . fragments one of 
approximately 800 bp coaaon to all three clones and 
another 1300 bp, 1100 bp or 1000 bp depending on the 
clone. The likely origin of the unique EcoRZ fragaents 
in each clone is incomplete elongation by the enzyme 
reverse transcriptase during 1st strand synthesis of the 
cONA. Therefore , those EcoRZ fragaents likely represent 
the 5* end of the TNF inhibitor aRHA and the 800 bp 
fragment the 3* end. This is confirmed by the DMA 
sequence obtained for these fragaents as described below. 

Froa the EcoRZ subclones of the cDHA described above 
the entire sequence of the 2100 bp cONA was obtained. 
The didioxy nucleotide chain teraination aethod of 
sequencing was used (Sanger, F. and Coulson, A.R. (1975) 
J. Hal. Biol . 94:441-448). The modified T7 DMA 

polymerase , Sequenase (U.S. Biochemical, Cleveland, OH) 
was used as the elongation enzyme as described by the 
supplier. Sequencing primers were synthetic 
oligonucleotides prepared from the human genomic sequence 
of the TNF inhibitor as shown in Figure 13 or sequences 
obtained using those primers. Figure 20 shows the 
translated sequence derived from one of the cDNA clones. 
This sequence corresponds to that obtained by protein 
sequence data as described in Figure 19. The entire 
sequence of the human 30kOa TNF inhibitor cONA from clone 
lambda -gtl0-7ctnfbp is shown in Figure 21. 



EmibU 7. Expression of the 30kDa TNF Inhibitor CDWA in 
Escherichia coll 

The portion of the TNF inhibitor (30kDa) cONA gene 
.5. coding for the soluble TNFa binding activity has been 

prepared for expression in E. coll as described below. 
Because the protein coding sequence defining the C- 
" : *; terminal portion of the urine derived TNF inhibitor 
.". (sequence QIEN, base 771 Figure 20) is not followed by a 

1- 0 termination codon in the cDNA sequence, one was added by 

oligonucleotide directed In vitro mutagenesis (Blorad, 
Richmond, CA) . An M13MP19 clone of the 1300 bp EcoRI 
fragment from the clone lambda-gtl07ctnfbp, was 
hybridized with the synthetic oligonucleotide: 
15 51 CTACCCCAGATTCACAATTAACCTTAAGCGCACTGACGAC 3' 

After 2nd stxand synthesis and transfection into an 
appropriate host, mutant clones were identified by 
hybridisation to the above described mutagenic 
oligonucleotide. The molecular identity of the clones so 

2- 0 identified was confirmed by DMA sequencing as described 

(Example S). Next, a 468 bp fragment defined by Styl 
(position 303) and HindXXX defining the C-terminus of the 
protein was removed from the Rf form as a mutagen! zed 
clone and inserted into e. coll expression plasald 
25 containing the £ft£X promoter (DeBoer, H.A., et al., 
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/lQim Prae. Matl. Acad. Scl. USA aot21-2Sl . This 

construction was accomplished by uss of ths synthetic, 
double strand sdsptsr ssqusncs: 

5* 6ATCO0ATCTTGGAG(MTGATTAAATGGACACCGTTTGCCCC 3' 

GCTACAACCTCCTACTAATTTACCTCTCGCAAACGGGGCTTC 
This adapter translationally couples ths TNF inhibitor 
gsns (truncated fora as dsscribsd abovs) to ths first 12 
codons of ths bacteriophage T7 gsns 10. Ths DMA ssqusncs 
of this construct froa ths point of translation 
Initiation at gone 10 through the adaptor ssqusncs is 
shown in Figure 22. A aethionine codon (ATG) is 
necessarily addsd to the TNF Inhibitor gene sequence for 
expression in E. coll . This plasaid is callsd pTMFiX-1. 

Ths prsdictsd aolecular weight of this protein is 
approxiaatsly 17,600kDa a aolecular weight that is very 
closs to ths dsglycosylated native TNF inhibitor (30k0a). 

fftftBPlt ft; — Purification of actlva tmf inhibitor /mirn>) 
froa Escherichia coll 

Cells froa one liter of e. coll culture (pTNFXX- 
UH1071on-) grown under induced condition for 2 hours 
were resuspended in 10 al of 50aM Tria-HCl, pH 7.5 
containing 2 an* EDTA (TE buffer) and French pressed at 
20 , 000 psi. at 4*C. The sate rial was centrifuged at 
20,000g for 10 ain. The resulting pellet was washed ones 
with TE-buf fer. Ths washed pellet was resuspended in 2 
al of CM Guanldlne-HCl and lncubatsd at rooa teaperature 
for 10 ain. After ths incubation, 10 ol of 500 aN DTT 
was added and ths aixturs was incubated at rooa 
teaperature for another 20 ain. The materiel which 
r em ai n ed insoluble aftsr this treatment was removed by 
centrifugation at 20,ooog for IS ain. 120 ul of S00 mM 
oxidised glutathione was added to the supernatant, end 
the aixture was incubated at room temperature for 10 ain. 
This material vas than diluted in 20 ml of o.«% Tri base 
solution, and 220 ul of 500 mN cysteine was added. The 
incubation vas continued for another Id hours at 4*C. 
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After 16 hour, of incubation, .one insoluble residue was 
observed. This insoluble Material was reaovad by 
centrifugation at 20,000* for 20 ain. The resulting 
•upernatant was dlalysed against soaM Trie-HCl P H 7.5 for 
16 hours at 4C, then centrifuged at 20,000* for 10 Bin. 
PMSP at a final concentration of 4aM was added to this 
•upernatant and this aaterial was loaded onto a tnf- 
affinity column (.7 x 2cm) at a flow rate of 0.1 «i p. r 
■In. This coluan was extensively washed with 50aM Tria- 
HCl pH 7.5, and bound proteins were • luted with 50aN 
MaP0 4 -HCl pH 2.5 The pH 2.5 eluate was loaded onto an 
RP8 coluan which was previously equilibrated with 0.1% 
TFA/H20. THF inhibitor was eluted with a linear gradient 
of 0.1% TFA/acetonitrile at 1%/ain. (Figure 25). 
Fractions were analysed on SDS-PACE (Figure 26) , and 
cytotoxicity assay was p-rforaed (Figure 25) to localize 
the TNF inhibitor. The ^call-produced THF inhibitor 
OOkOa) algrates to about 20 JcOa, since it is not 
glycosylated. Fractions nuaber 30 through 35 contain THF 
inhibitor. The aaino terainal sequence of this aaterial 
•hows that the E*_£fiU produced THF inhibitor has the 
following sequence: 

•tot-Asp-Ser-Val- ( ) -Pro-cin-Cly-Lys-Tyr-Ile-His-Pro- 
Gln-Asn-Asn-Ser- 

By using this procedure, about 40 ug of THF inhibitor 
(30KD.) was obtains fro. one liter of the culture. The 
Yiald was about 2 to 3%. The yield can be increased to 
over 50% by purifying the THF inhibitor before refolding. 

Aniaal-celi expression of TNF inhibitor requires the 
following steps: 

a. Construction of an expression vector. 

b. Choice of host cell 11am. 
c Introduction of the expression vector in 
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d. Manipulation of recombinant host calls to 
lncraasa axprassion lavals of TNF-BP. 

1. TNF inhibitor axprassion vactors designed for usa 
in animal calls can ba of savaral typas including strong 
constitutive axprassion constructs, inducible gana 
constructs, as vail as thosa designad for axprassion in 
particular call typas. Zn all caees, promoters and othar 
gana ragulatory ragions such as enhancars (inducible or 
not) and polyadanylation signals ara placad in tha 
appropriate location in relation to tha cDNA sequences in 
plasmid-basad vactors. Two axaaplas of such constructs 
follow. 

A construct using a strong constitutive promoter 
region can ba made using tha cytomegalovirus (CHV) 
Immediate marly gana control signals. This plasmid can 
ba constructed using standard molecular biological 
techniques (Mahlatis, at al.. Molecular Cloning, m 
T^)y ii- ft ^rv Manual . Cold Spring Harbor Laboratory, 1992) 
and resulting in the plasmid shown in Figure 23. (pCMVXV 
beta TMFBPstopA) Tha SV40 origin of replication is 
included in this plasmid to facilitata its usa in COS 
calls for transient expression assays. This particular 
construct contains thm CMV immediate early promoter and 
enhancer as described by Boshart, at al., (£ftll 41:521- 
530, 1995) followed by the rabbit B-globin second intron 
(see van Ooyen et al., sclmncm 206:937-344, 1979) which 
is flanked by BjaHI and EfifiRX restriction sites. This 
intron is included because expression levels have been 
shown to be Increased when introns are included in the 
transcribed regions of soae expression vectors (Bucksan 
and Berg, Mol. Cell. Biol. 6:4395-4405, 1966). The 
polyadanylation signal is provided by simian virus 40 
(8V40) sequences (sap coordinates 2569-2452; see Raddy, 
et al., science 200:494-502, 1976). The 30kD« TMP 
inhibitor cDMA sequences have been Modified as follows: 
tha extensive region located 3* of the C-terminus of the 
purified TNT inhibitor from human urine has been deleted 
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and a atop codon haa baan engineered into tha position 
juat following tha C-termlnal asparagine. Tha unmodified 
30kDa TNF inhibitor cDNA aaquancaa in an analogous vector 
hava baan lnaartad into COS calls and baan shown to 
incraaaa tha TNF binding activity of such calls. 

Tha aacond construct (saa Figura 24) (pSVXVTNFBF stop 
A) usaa tha strong constitutive promoter region from the 
SV40 early gene in an arrangeaent such as that found in 
the plasmid pSV2CAT (Conwn, et al., Mol. can »j nl , 
2:1044-1031, 1982). Thia plaeaid should be manipulated 
in such a way as to substitute the THF inhibitor cDNA for 
the chloraaphenlcol acetyl transferase coding sequences 
using standard molecular biological technique.-, once 
again, tha THF inhibitor cONA has bean Modified as 
described above for the CUV promoter construct. The SV40 
early promoter region Includes sequences froa the Hindi n 
site to the fi&mHX site (aap coordinates 5090-188; see 
Reddy at al., Sclanga 200:494-502, 1978) and the SV40 
polyadenylatlon signal is as described abova for the CUV 
construct. 

2. Two aniaal cell linea have been used to express 
TMF inhibitor using the vectors described above to 
produce active protein. Cell lines that have been 
characterized for their ability to promote expression of 
this foreign gene include the monkey kidney cell, cos-7, 
and Chinese hamster ovary (CHO) dihydrofolate reductase 
deficient (dhrf-) cells. 

3. To establish a continuous CEO-derived cell line 
that secretes 30kDa THF Inhibitor into cell culture 
medium, a TMF Inhibitor expression plasmid haa baan 
introduced into these dhfr- cells along with a plasmid 
that directs the synthesis of dihydrofolate reductase 
ualng the calcium phosphate-DKA precipitation technique 
described by Graham and van dar lb fvimin^y 52x456-467, 
1973) . The calls that hava taken up DMA and express DHFR 
ware selected as described by Rlngold, at al., f j. Mol. 
AdpI. r^ntf,. 1x165-175, 1981). 
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4* Calls that express the TNF inhibitor gene 
constructs can b« aanipulated to Increase tho levels of 
production of THP inhibitor. Calls containing TNF 
inhibitor axprassion vectors along with a dhfr expression 
vactor should be taken through the gene amplification 
protocol described by Ringold, et al., fJ. Mol. appI. 
Genet. 1:165-175, 1981) using aethotrexate, a competitive 
antagonist of dhfr. Gene amplification leads to sore 
copies of the dhfr and TNF inhibitor genes present in the 
cells and, concomitantly, increased levels of TNF 
inhibitor mRHA which, in turn, leads to mors TNF 
inhibitor protein being produced by the cells. 

gypl« 10. Isolati on of two tvoms of THF- Inhibitors from 
Q937 condi tion medium and the sttlstmnce of the second TNF 

Inhibitor In human urine. 

The human U937 cells were grown at a density of 1 x 
10 s cells per ml in 150 cm 2 flasks using RPMI1640 medium 
containing 200 units/ml penicillin, 200 units/al of 
streptomycin, 10% fetal calf as rum. After 3 days of 
incubation at 37*C, the cells were harvested by 
centrifugation at 1500 c for 7 minutes. The cells were 
resuspended at a density of 2 x 10*/»1 *»» RMPX26 40 medium 
without serum. The cells were grown in the presence of 5 
ug/ml PHA-P (Phytoheaagglutinin) and 10 ng/ml PMA (Phobol 
12-ayristate 13-acetate) for 24 hours. 

The 24 hour medium (4425ml) was collected by 
centrifugation and concentrated by Amicon VMS filter to 
•bout 100 al. This material was passed through a TNF- 
Affinity gel (0.7 x 2cm) at a flow rate of 0.1 ml/min and 
the gel was washed extensively with SOaM Tris-HCl pH 7.5. 
The bound proteins were eluted with SO mN NaP0 4 -HCl, 
pfl2.S and TNF Inhibitor was separated froa other 
contaminating proteins by HPLC-RPCS . As seen in Figure 
27 two TNF-lnhibitor peaks are observed. SDS-PAGE 
analysis of tho RPCt fractions shows that the aolecular 
weights of the two peaks correspond . >ughly to 30*0* and 



40kDa proteins (Figure 28) . The 3 Ok Da protein (TNf-lMHl) 
was subjected to aaino-terainal sequence analysis, and 
found to be tha saae sequence as that of urinary SOkDa 
THF-inhibitor dascribed above. However, the protein 
sequence of the 40kDa protein reveals that it is not the 
ease as the 30k0a protein (see Exaaple 11). Further 
purification of the second THF inhibitor peak in the 
huaan urine, which is seen around fraction 33 in Figure 
8, shows that it is also the 40kDa THF-inhibitor protein 
(Figures 29 and 30). 

The 40kDa THF inhibitor is also a glycoprotein. This 
was detected using Concanavalin A-peroxidase after the 
protein was transferred onto a nitrocellulose filter as 
described in Exaaple l.D. The molecular weight of 
H-glycanase treated 40k0a THF inhibitor was shown on SDS- 
FAGE to be about 36kDa. (See procedure described Exaaple 

Following the procedures as outlined in Exaaple 
above, it aay be deterained that the deg lycos lyated 40kOa 
THF inhibitor also binds to THF alpha: Zn addition, the 
deglycosylated 40kDa protein aay also be shown to bind to 
THF beta (lyaphotoxin) . 

»v«-»l« ii . Prof In M flUMclna of U937 derived 30kDa THF 
Inhibitor. 40kDa TW F Inhibitor, and Urinary 40kDa THF- 
lnhlbltor. 

Aaino terainal sequence of the proteins were 
determined using Applied Bicsystea Protein Sequencer, 
Model 470. Both native and reduced-carboxyaethylated 
proteins were sequenced. Approximately 200 paoles of 
reverse phase (RP-8) purified THF Inhibitors were applied 
to a polybrene filter and subjected to automated Edaan 
degradation. The resulting sequence is shown in Figure 
31. It can be seen that the U9 3 7 -derived 30kOa protein 
la the saae as that formed and Identified in urine. The 
40k0a THF Inhibitor protein is not same as the 30kDa THF 
inhibitor protein. The urinary 40JcDa THF inhibitor 
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protein dots not contain two amino teralnal residues; 
otherwise, it is aana as that of tha U937-derived 40kOa 
protain. 

gv«t>l« 13. Prlaarv ifcructura of tha 40kDa TMF 

inhibitor- 

About 40 ug of tha raducad and carboxyaathylated TMF 
inhibitor (40JcDa) was dlgeated with andoprotaaaa V8 as 
daacribad above, and tha rasulting paptidas vara 
saparatad on an RPC18 coluan (Figura 92). Tha paptidas 
purifiad vara 'sequenced using an Appliad Biosystea 
Protain Sequencer, Modal 470. 

About 90 ug of tha raducad and carboxyaathylated TNF 
inhibitor vaa traatad vith 5 ug of andopaptidaaa Arg-C in 
0.2M aaaoniua bicarbonata at 37*C. Aftar 24 hours of 
digestion, tha Arg-C digaatad material vas loaded onto an 
HPLC-RP8 coluan to separata peptides (Figure 33). 
Purified peptides were sequenced as before. Soae of the 
peptides vere further digested vith TPCK-trypsin, or 
chymotrypsin. About 500 paole of arg-C16 peptide vas 
treated vith 3 ug of T PCX- trypsin (Boehringer Mannheia) 
in 0.2M aaaoniua bicarbonate at 37*C for 7 hours, and 
peptides vere separated using RPfl (Figure 34). About 200 
paole of tha peptide arg-CIO vas digastad vith one ug of 
chyaotrypain (Boehringer Mannheia) at 37 C for three and 
a half hours, and the resulting peptides vere separated 
on an RPC18 (Figure 33) . 

A partial atructure of tha TNF inhibitor (40JcDa) vas 
dataralnad by aligning various overlapping peptides 
(Figura 3a). A coaplete priaary atructure of the 40k0a 
TNF inhibitor is shovn in f igure 3t. Residues not 
identified by protein sequencing vera deduced by reviev 
of the sequence of the cDNA clone that encodes tha 40k0a 
TNF inhibitor and that la dlscussad In fxaaple 14A and 
daacribad in Figura 39. 
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EXMTOlt 13. Identification of cDWA clone s f Qr th« fnirfl A 

The information presented in Example 9 shows that 
U937 cells treated with PMA and PHA produce a TNFa 
inhibitor with a molecular weight of approximately 40kDa. 
This protein has been pur if lad and it's aaino acid 
sequence has basn substantially determined, as described 
in Exaapls 12. Table 5 shows the sequences of several 
peptides derived fron this protein and gives the 
sequences of mixed sequence oligonucleotide probes used 
to isolate genes coding for the 40kOa TNF inhibitor 
described here. 

The gene encoding sequences comprising the 40k0a 
inhibitor say be isolated from the human genoaic library 
described in Exaaple 5, or a cDNA library constructed 
froa mRNA obtained from U937 cells that had been treated 
with PHA and PHA for about 9 hours (See Exaaple 14). 
Each library should contain approxiaately 1.0 x 10* 
recombinant. 
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TABLE 5 



Peptide 



AQOAFT 



SYYOQTA 40KD-P2* 



40KD-P1 



5 ' GAATATTATGATCAAACAGC 3* 
G C C C G G 

T 

c c c 

S * GTAAAACGAACTTGAGC 3' 
G G G C 0 
T T T 



KQEGGR 40KD-PG S ' AAACAAGAAGGATGTCG 3* 

G G G G CAC 

* 



QMCCSKC 



pgwyca 



40KD-P5 



DQTAQHC 40KD-P6 



40KOP7 



5'CATTTAGAACAACACATTTG 3* 
C GCTG G C 
T 

C C 

5 ' GATCAAACAGCACAAATGTG 3* 
C G G G G 
T T 

C C C C 

5' CCAGGATGGTATTGTGC 3* 
G G 
T T 



JL1* — Isolation of 4Pkn« tmf inhibitor ff mi i 

—mine— fro« PHA/PHi-lndu^ lion 

Uf 37 aftKA vu isolated froa calls that had b—n 
induced by PKA/PHA for 9 hours, it was than selected on 
•n oligo-dT coluan, and the polyadanylatad aJUCA thus 
lsolatad vaa usad to aaka dseONA using ravarsa 
transcriptase followed by £. coll polymerase X/ftNase H. 
Tha dscOMA was subjactad to a polyaarasa chain reaction 
using, as prlaers, tha degenerate probas (40KD-P1* and 
40KO-F7) shown in Tabla 5. Tha DMA products froa this 
reaction vara probad on a Southern blot with proba 40KO- 
fi" (Ma Tabla 3) identifying a singla band that 
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contained this sequence. This band was isolated on an 
agaroee gal and clonad into M13 phage DMA (strain mpl8). 
Attar transformation into £. soJUL strain JM109 and 
plating on aediua containing X-gal and I PTC, claar 
plaquaa vara idantifiad that contalnad tha corract cDNA 
insert. Tha saquanca of tha ONA in this clona is shown 
in Figura 37 along with tha translation product pradictad 
from this saquanca. This amino acid saquanca matches tha 
paptida saquanca shown in Figura 36 (rasiduas 12 - 104) 
and Figura 38. 

g»«i»l« 14A. Isolation of 40kDa THF Inhibitor cDMA elan* 

fro. PMA/PHA-lnduc«d U937 Cella 

mRNA was iaolatad (Chlrgvin, J.M. et al. . 
Blocheaiatry 18, 5294-5299) from human U937 calls that 
had baan axpoaad to PHA and PKA for 9 hours. mRMA was 
purifiad from this RNA using oligo-dT callulosa (Aviv, H. 
and Ladar, P., 1972, Proc. Natl. Acad. Sci. (USA) 69, 
1408-1412). 5 ug of this mRNA was usad to synthasixa 3 
ug of blunt-ended; double-stranded cDNA (Gubler, U. and 
Hoffman, B.J., 1983, Gana 25, 263-269). Aftar addition 
of Eco RI linkars, tha cDNA was purifiad by saphacryl S- 
400 (Pharmacia) spun column chromatography and athanol 
pracipitatad. Ona hundrad ng of this cONA was ligatad 
into 1 ug of EfifiRX -digested mn a alkaline phosphatase- 
traatad lambda gt-10 at^l packaged In vitro using giga- 
pack gold (Stratagana) . The packaged cOHA yielded 2.5 x 
10* recombinants when plated on £. flflli C600 hfl. 1.2 x 
10* members of this library were screened in duplicate 
with "p-labeled probe 40KD-F6+7 (5' GGG CGT ATC TCC TOT 
CCT CAC AGO 3') as described (Benton, W. 0. and Davis, 
R.W., 1977, Science 196, 180-182). Twelve positive 
hybridising clones were isolated and rescreened with 
probes 40KD-F6' and 40KO-P7 (see Table S in Example 13). 
Four of these clonee hybridised to all three probes, one 
of these clones, C400XI6, was digested with EfifiRX, and a 
2.2 kb insert was isolated and subclone* in both 
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orientations into the bacteriophage MI3 vector, *pi9 
(Yarrish- Perron, c. , et al . . 1983, Gene 33, 103-119). 
The sequence was determined from both strands using the 
chain termination method (Sanger, F. and Coulson, A.R. , 
1975, J. Mol. Biol. 94, 441-448) with Taq ONA polymerase 
(U.S. Biochemical). This sequence is shown in Figure 39 
along with its deduced translation product. The sequence 
contains a single open reading frame extending from the 
ATG triplet at base 93 that extends well beyond the c- 
terminal sequence of the 40kDa protein at the GAC triplet 
at base 863. 

Example 13. The 40kDa TWF Inhibitor inhibits TMF beta as 
wall as TNF alpha 

Both the 30kOa TNF inhibitor and the 40kDa TNF 
inhibitor were examined to determine if they were also 
capable of inhibiting the activity of TMF beta 
(lymphotoxin) • Various concentrations of TNF-beta 
(purchased from Endogen) were incubated with each of the 
inhibitors for one hour at room temperature. The 
resultant mixtures were analyzed via the L929 cell assay 
system as described in Example l.B. 1. for TNF alpha. 
These experiments revealed that the 30k0a TNF inhibitor 
had little Inhibitory effect on TNF beta. However, the 
40k0a TNF inhibitor showed significant TNF beta 
inhibition. The results of these experiments can be seen 
in Figure 40. 

^'T 1 * Preparation of lumen genomic DMA library for 

40kPa Inhibitor 

An appropriate human genomic DMA library for 40kDa 
TNF inhibitor may be performed as described in Example S 
for 30kOa TMF inhibitor. 

Ifriwli 17. PriMration Qt qtnti tQt ttt «* 

the 4okna TMF Inhibitor cDMA In gmcherlehla ooH 

Portions of the TNF inhibitor (40 kDa) cDNA gene 
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coding for soluble TNF binding activities (Fig. 39) have 
been prepared for expression in E. coll as described 
below. 

Because it has been difficult to definitively 
determine the C-terainal sequence of the mature 40JcDa TNF 
inhibitor derived froa urine or U937 cells, ve 
constructed 3 derivatives of its cDNA coding sequence 
based on sequence analysis of the cONA clone. The first 
extends to the putative transmembrane sequence of this 
protein base pair 863 (Figure 39) and ends with the 
peptide sequence . . . Gly Ser Thr Cly Asp. The next two 
are 51 (A51) and 53 (&53) amino acids shorter than this 
.clone and end at base pair 710 . . . Ser— Pro Thr, and 
base pair 704 . . . Ser Thr Ser, respectively. 

Each of these three C-teraini were created by in 
vitro Mutagenesis ("MutaGene", BioRad, Richmond, CA) of 
M13 clones of the cDNA of the 40 kOa TNFa inhibitor. The 
longest clone was created first by use of the following 
synthetic oligonucleotides: 

1. 5» CAC TGG CGA CTA AGC TTC OCT CTT C 3 • 

2. 5' GCG GCG CAC GCC GGA TCC GAT CTT GGA GGA TCA TTA 
AAT CTT GCC CGC CCA G 3' 

Oligonucleotide 1 inserts a translation termination 
codon after aaino acid 235, Asp, and creates a Hlnd in 
restriction endonuclease recognition site at that point. 
Oligonucleotide 2 adapts the M-Teralnal sequence of the 
mature protein. Leu Pro Ala ... bp 159 (Figure 39) for 
expression in E. colt by 1) inserting a Met, ATG codon at 
aaino acid position 1, and 2) inserting a translational 
coupler sequence and 5* fiaaHX restriction endonuclease 
recognition site. The autagenlsed fragment was removed 
by fiajpfl/HiodZZZ digestion of Rf DMA of the mutant M13 
clone and inserted into an E. coll expression plasaid as 
described in Example 7. Clones bearing this gene 
construction are called TNF. 40. 

The two shortened clones vera constructed as above 
using the autagenlsed Ml 3 derivative of the 40k0a TNFa 
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inhibitor clone isolated above and the following 
oligonucleotides: 

5« CTCCCCCACCTAACCTTCCCACTATGC 3' A.51 
5« CTCCACCTCCTAACCTTCCCACCCCCA 3' A 53 

These two oligonucleotides introduce translation 
termination codons at bp 710 and 704 respectively (Figure 
39). Clones bearing these gene constructions are called 
TNF:40 31 and THF: 40 53 respectively. 

ry^nln m. Expre s sion of genes encoding 4QKDfl THF 
inhibitor \n *nimal calls 

Expression of the 40*pa THF inhibitor clone in 
animal cells may be performed as described in Example 9. 
The extensive region located 3 1 of the c-terminus of the 
40kDa THF inhibitor may be deleted and a stop codon 
engineered into the position just following the 
c-terminal Aspartic acid. 

toko* TMF inhibito r in »»— alien calls iMMflIM W 

An expression vector was made that incorporated the 
entire 30k0a THF inhibitor cOHA (2.1 kb) shown in Figure 
21, named pSOKXVA, and was in all other respects 
identical to the vector shown in Figure 23 (i.e., the 
TNF-BP sequences shown in that figure were replaced by 
the 2.1 kb cOHA using the unique IfiDjRX eite in the 
plasmid) . See Example 9 for a sore complete description 
of the expression vector. This plasmid was introduced 
into COS7 cells using the llpofection procedure described 
by Feigner #JljJ*. (Proc. Hatl. Acad. Sci. USA. §4, 7413 
(1987)). Transfected cells were analysed for their 
ability to bind [ m I]THFa. Figure 41 shows the results 
of the binding esssy of cells that were sock-transfected 
or transfected with the expression vector pSOKXVA. The 
number of binding sites on plassrtd-trsnsfected cells is 
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dramatically higher that tha number on tha control calls. 
Tha complete cDNA clona (i.a., tha opan reading frame 
that ancodas a much largar protain than tha 30kDa urine- 
darivad inhibitor) , in fact, represents a cDNA clona of a 
TNP racaptor. 

EXQBPla 20. Expression of cDNA encoding 4QKPa TMF 

inhibitor In mammalian calla increases TMF raetptor *itm+ 

An axprasaion vector was made using tha 2.4 kb cDNA 
fragment iaolatad from tha lambda phaga paga 16 described 
in Exampla 14A. This plasmid was idantical to that 
deacribad in Exampla 9 (Figure 23) except that tha 40kOa 
TNP inhibitor cDNA sequences vara substituted for tha 
30kDa TNP inhibitor cDNA sequences in that plasmid. 
Plasmlds vara isolated with the 2.4 kb Eco Rl cONA 
fragment in each orientation, named p40KXVA (sense 
orientation) and p40KXVB ( ant i -sense orientation) . These 
plasmids contain the SV40 origin of replication, tha 
cytomegalovirus immediate early promoter and enhancer, 
tha rabbit B-globin second intron, tha 40KOa TNP 
inhibitor cDNA, and the SV50 early polyadenylation signal 
(for a mora complete description of this vector, see 
Exampla 9) in a pBR322-based plasmid. These plasmids 
were trans fected into COS 7 calls which vera than assayed 
for TNP binding (sea Figure 42). Calls trans fected with 
D40KXVA exhibited a higher number of TMF binding sites oh 
tha call surface than either COS7 cells alone or OOS7 
cells trans fected with p40KXVB, suggesting that this cDNA 
encodes a TMF receptor. Other mammalian calls such as 
CHO calls could be developed that could overproduce this 
racaptor or that secrete 40KDa TNP inhibitor into tha 
tissue culture medium in ways described in Exampla 9. 

Exampla 21. Inhibitor isolated fr~m K 1flflH BfrnftfiYttn 

Human monocytes warm praparad from SSO ml of blood 
as described by (Hannum, C.H. at ml. Nature 343, 336-340, 
1990) . Tha fresh monocytes (2 x 10 7 cmlls) vara eesded 
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in 500 ml of ■•rum frea RPMI1640 madium and traatad with 
lOng/ml of PMA and 5ug/ml_of PHA-P for 24, 48 and 72 
hours at 37C. Aftar tha incubation, tha madia wsra 
collactad by cantrifugation and concantratad to 30 ml. 
Tha concantratad madia wsra loadad onto a TMF-affinity 
column (2 ml bad voluma) ona aampla at a tima and alutad 
with acid aa in Exampla 1. Tha alutad matarial was 
furthar purifiad using a HPLC RPC-8 column undar tha aame 
condition, a. in Exampla 1, and aach fraction was a.aayad 
with L929 cytoxicity assay. Figura 43 ahows tha two 
p«sks of TNF inhibition activity. Thasa two paaka 
corraspond to tha 30 kDa and 40 kDa THF inhibitors which 
v.ra aiao found in tha cultura madium of 0937 calls that 
was traatad with PMA and PHA and idantifiad in urina. 

r v .^i> rrr ^,«i Q n >in<i purl Meat Inn of ftorttr 

Calla 300 ml of E* coli culturas (40kDa THF 
inhibitor A51 and 40kDa THF inhibitor* 53) grown 
saparataly undar inducad condition for 2 hours wsra 
rasuspandad in 10 .1 of 50 «M Tria-TCl, pH 7.5 containing 
2aM EDTA (TE buffar) and Franch praasad at 20,0000 for 10 
Bin. Tha raaulting pallats wara washad onca with TE 
buffar. Tha washad pallat waa rasuspandad in 2 ml of 6M 
Guanidina-HCl/lOOmM Tria-HCl, pH8.3/4mM PMSF, and 
incv*. -ad at room tamparatura for ona hour. Aftar 
incut tion, SOOmM DTT waa addad to a final concantratlon 
of 4 mM, and tha mixtura was incubatad at room 
tamparatura for anothar hour. Xnsolubla matarial was 
ramovad by cantrifugation at 20,0000 for 15 min. 500mM 
oxidizad glutathiona was addad to tha •uparnatant to a 
final concantratlon of 20 mM, and tha mixtura was 
incubatad at room tamparatura for 10 min. This matarial 
waa than dilutad in 20 ml of 0.8% Trim basa aolution with 
5 mM cyataina. PMSF was addad to a final concantratlon 
of 2mM. Aftar 16 houra of incubation at fc, thia 
matarial waa dialyxad against 300 voluma. of SOmM Tria- 
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HC1, pH 7.5 for 3 hours at 4*C, than centrifuged at 
20,0000 for 15 Bin. The supernatant was loaded onto a 
TNF-affinity column (.7x2 cm, 13 mg rhTNF/nl of 
affigel-10) at a flow rate of 0.09 ml per Bin. This 
column was extensively washed with 50mM Tris-HCl, pH 7.5. 
The bound proteins were eluted with 50mM NaH2P04-HCl, pH 
2.5. The acidic eluates were loaded onto an RP8 column 
(2 x 200mm, spelco) and the TNF inhibitors were eluted 
with a linear gradient of acetonitrile in 0.1% TFA at a 
flow rate of 1 ml per gradient per min. (Figure 44A and 
45A) . Fractions were examined by L929 cytotoxicity assay 
to localize the TNF inhibitors. The major peak on each 
RP8 profile contains the TNF- inhibiting activity (Figure 
44B and 45B). The E. coli-producad TNF-inhibitors (40kOa 
TNF inhibitor A53 and 40k0a TNF inhibitor A51) migrate to 
the expected location on SOS-PAGE (Figure 44B and 45B). 
The amino terminal sequence of these materials shows that 
the E. coli-produced TNF-inhibitors have the following 
sequence: 

Met-Leu-Pro-Ala-Gln-Val-Ala-Phe-Thr-Pro-Tyr-Ala-Pro-Glu 
By using this procedure, about ISOug of each 40kDa 
TNF inhibitor ( 4*1 and 453) was obtained from 30 ml 
of the culture. The yield was a few percent, however, 
the yield can be increased to over 30% by improving each 
step of this purification. 

Both of these 40k0a TNF inhibitors ( A51 and £53) 
inhibit not only TNF-alpha but also TNF-beta. 

KXlinlt ?1. — Expression and Purification of full larw^ 

49 KDi ThT Inhibitor. 

An active 40kDa TNF inhibitor was purified from an 
E. coll strain carrying plasmids which have a gene for 
full length mature 40 kDa TNF inhibitor (as in Example 
12). The method used to isolate an active Inhibitor was 
the same as that of example 22. This active inhibitor 
inhibits both TNF-alpha and TNF-beta, and the amino 
terminal sequence is same as shown in Example 22. 
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fXftTOlfl 24 1 Amino acid composition of the 40 fcnn XWP 

Innlbi^of , 

5 U937-produccd mature 40 kDa TNF Inhibitor was 

analyzed for total amino acid composition by the PTC- 
amino acid analysis system. The actual and predict ad 
composition data for full length matura 40k0a TNF 
inhibitor as shown in Figure 38 are shown in Table 6. 

0 

I nh i b i t" ' Prgd<lctiQn - Qf chemically maAltimA -r^f 

In order to increase the half -life of the TNF 
5 inhibitors in plasma, TNF inhibitors which are cheaicsily 

modified with polyethylene glycol (PEG) may be made. The 
modification may be done by cross linking PEC to a 
cysteine residue of the TNF inhibitor molecules, since 
all of the cysteine residues in the TNF inhibitors form 
V disulfide bonds, mutant TNF inhibitors may be constructed 

which contain an extra cysteine residue at the amino 
tarminus, glycosylation sites, and the car boxy 1 terminus 
of each inhibitor. The mutagenesis may be carried out by 
PCR using oligonucleotides containing the desired 
mutation. As for the 30 kDa TNF inhibitor, an extra 
cysteine residue was added at residue number 1, 14 or 
105. These mutant proteins were expressed in E. coli by 
using the same system described in Examples 7, 22 and 23, 
and refolded to active TNF inhibitor. The mutant 
5..^ proteins are as active as the no.n-mutated proteins. 

Pegylation of these proteins will be carried out, and the 
activity will be assessed. The 40 kDa mutants will be 
constructed as above and pegylation will be performed to 
obtain active proteins and will have Increased the 
stability of the TNF inhibitor. 
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TABLE 6 



Calculated I 
by DMA s«qu«nc« 



Experimental f 



Aax 




14 


13.0 


GlX 




23 


mm • w 


Sar 




25 


dJ • 2 


wxy 






17 • a 


His 




•J 


4 • 9 










Ala 




17 


X / 


Arg 




14 


15 1 


Pro 




26 


22.3 

m m m 


Val 




13 


a. 7 


XI* 




4 


J • ^ 


Leu 




10 


8.6 


Pha 




5 


4.6 


Ly« 




6 


5.4 


Tyr 




5 


5.0 


Trp 




3 


NO 


Mat 




3 


NO 


Cya 




22 


NO 



NO; not determined. 
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It is to b« understood that the application of the 
teachings of the present invention to a specific 
expression systea will be within the capabilities of one 
having ordinary skill in the art in light of the 
teachings contained herein. Thus, it will be apparent to 
those of ordinary skill in the art that various 
nodif ications and variations can be made in the processes 
and products of the present invention. It is intended 
that the present invention covers these Modifications and 
variations provided they coae within the scope of the 
appended claias and their equivalents. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A substantially purified tuaor nacrosis factor (TNP) 
inhibitor which is activa against TNF. 

2. Tha TNP inhibitor of claia 1 wharain said TNF 
inhibitor is a glycoprotein having a aolacular vaight of 
about 30kDa. 

3. Tha TNF inhibitor of claia 2 wherein said TNF 
inhibitor is deglycosylated avA has a aolacular vaight of 
about lSkDa. _ 

4. Tha TNF inhibitor of claia 3 wharain said TNF 
inhibitor is produced by recoabinant-DNA aethods. 

5. Tha TNF Inhibitor of claia 1 wharain said TNF 
inhibitor is a glycoprotein having a aolacular weight of 
about 40kDa. 

«. The TNF inhibitor of claia 5 wherein said TNF 
inhibitor is active against both TNF alpha and TNF beta. 

7. The TNF inhibitor of claia 6 wherein said TNF 
inhibitor is deglycosylated. 

t. The TNF inhibitor of claia 2 wherein said TNF 
inhibitor has the aaino acid sequence as shown in Figure 
19. 

9. The TNF inhibitor of claia S wherein said TNF 
inhibitor has the aaino acid sequence as shown in Figure 
38. 

10. The TNT inhibitor of claia 3 wherein said TNF 
inhibitor is 4Ck0a TNF inhibitor A91. 
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11. The TNF inhibitor of claia 5 wherein said TNF 
inhibitor is 40kOa TNF inhibitor A53. 

12. A recombinant-OMA method for the production of a TMF 
inhibitor comprising: 

(a) praparation of a DMA sequence capabla of 
directing a host call to produce a protein having TNF 
inhibitor activities; 

(b) cloning the DMA sequence into a vector capable 
of being transferred into and replicated in a whole call, 
such vector containing operational eleaents needed to 
express the DMA sequence: 

(c) transferring the vector containing the 
synthetic DMA s e qu e nc e and operational eleaents into a 
host capable of expressing the DMA encoding the TNF 
inhibitor; 

(d) culturing the host cells under conditions 
appropriate for amplification of the vector and 
expression of the inhibitor; 

(e) harvesting the inhibitor; and 

(f) permitting the inhibitor to assume an active 
tertiary structure whereby it p o ssesse s TNF inhibitory 
activity. 

19. The method of claia 12 wherein said TNF Inhibitor is 
30k0a TNF inhibitor. 

14- The method of claia 12 wherein said TNF inhibitor is 
40k0a TNF inhibitor. 

15. The method of claia 14 wherein said TNF inhibitor is 
40k0a TNF inhibitor A51. 

16. The method of claia 14 wherein said TNF inhibitor is 
40kOa TNF inhibitor £53. 

17. A gene ancodi- * for tuaor necrosis factor (TNF) 
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inhibitor. 

18. Th« gena of claia 17 wherein Mid TKF inhibitor is 
30kOa TKF inhibitor. 

19. The gene of claia 17 wherein Mid TNT inhibitor is 
Mture 40k0a TNT inhibitor. 

20. The gene of claia 17 wherein Mid TNT inhibitor is 
40k0a TNT inhibitor A 31. 

21. Tho gene of claia 17 wherein Mid TMF inhibitor is 
40kDa TNT inhibitor &S3 . 



DATED THIS 16TH DAY OF JULY 1990 

SYNERGEN, INC. 

By its Patent Attorneys: 

GRIFFITH HACK ft CO. 

Fellows Institute of Patent 
Attorneys of Australia 
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